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PEEFACE. 



In this Introductory Treatise the leading facts and principles 
of Meteorology are stated in a simple and connected form. 
As the atmosphere is the subject with which the science 
deals, the distribution of its mass over the globe, or its 
pressure, is particularly described and illustrated by Charts. 
The motions of the atmosphere, or the prevailing winds, are 
detailed at length ; and it is farther shown that these are the 
simple result of the relative distribution of its pressure — ^the 
direction and force of the prevailing winds being the flow of 
the air from a region of higher towards a region of lower 
pressure, or from where there is a surplus to where there is a 
deficiency of air. 

On this broad and vital principle Meteorology rests. It 
is thus of universal application throughout the science, in 
explanation not only of prevailing winds, but of all winds, 
and of weather and weather changes generally. By it the 
climates of the different regions of the earth may be ascer- 
tained and explained ; for climate is practically determined 
by the temperature and moisture of the air, and these are 
dependent on the prevailing winds, which come charged with 
the temperature and moisture of the regions they have tra- 
versed. 

Hence the value of Meteorology as an instrument and 
element of education. The exposition of the dependence of 
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its several parts on each other may be turned to account as a 
mental discipline, higher than results from the collecting and 
assorting of natural objects ; whilst the broad generalisations 
now arrived at group into easily-remembered forms the details 
of this great branch of terrestrial physics, a knowledge of 
which is indispensable to the student of Physical Geography 
and Geology. 

Since, as is here pointed out, the distribution of the earth's 
atmosphere depends on the geographical distribution of land 
and water in their relations to the sun's heat in different 
seasons, and since the relative pressure determines the direc- 
tion and force of the prevailing winds, and these in their 
turn the temperature, moisture, and rainfall, and in a very 
great degree the currents of the ocean, it is evident that we 
have here a principle applicable not merely to the present 
state of the earth, but to different distributions of land and 
water in past time. It is only by the aid of this principle 
that any rational attempt, based on causes having a purely 
terrestrial origin, can be made in explanation of those glacial 
and warm epochs through which the climates of Great Britain 
and other countries have passed. Hence the geologist must 
familiarise himself with the nature of the climatic changes 
which necessarily result from different distributions of land 
and water, especially those changes which affect most power- 
fully the vegetable and animal life of the globe. 

Eddtbubgh, May 1871. 
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NOTE ON CONSTRUCTION OF THE CHARTS. 

The IsoBARio Charts (Plates I., II., and III.) are taken from the 
author's Paper published in the * Transactums of the Royal Society of 
Edinburgh,* vol. xxv. p. 675, which may be referred to for fuller 
information on this subject. The Arrows showing the Prevailing 
Winds are taken from the same paper, supplemented by additions 
obtained from * PUot Charts of the AUaiitic,* published by the Ad- 
miralty, and * Hand' Book of Physical Geography,^ by Keith Johnston, 
junior. As no Winds are delineated on the Charts but such as are 
based on trustworthy averages, large portions of the globe, esx>ecially 
the Pacific and Indian Oceans, are necessarily left blank. 
, The Isothermal Charts (Plates IV., V., and VI.) have been 
drawn from Observations of Mean Temperature, which have been 
obtained from the following among other sources : — A very large 
selection from Dove's 'Klimatologische Beitrdge,^ and his other Papers 
on Temperature; Dr "Wojeikof s Mean Temperature of Places in the 
Russian Empire; Meteorological Reports of the Director-Greneral, and 
of Observations made at Stations of the Royal Engineers ; Blodget's 
Climatology of the United States in the *Army Meteorological Register^ 
1855; Sir John Richardson's Temperatures of the Arctic Regions, and 
those of Sir J. C. Ross, and others, of Antarctic Regions; Glaisher's 
* Meteorology of India ;^ the invaluable Abstracts of Observations 
made at places in distant parts of the globe, published at various 
times by Dr Jelinek, Dr Hann, Dr Buys Ballot, P. Secchi, and the 
Smithsonian Institution ; and the Publications issued by the Meteor- 
ological Societies, Institutes, or Observatories of Scotland, England, 
Norway, Sweden, Russia, Austria, Prussia, Denmark, Holland, Bel- 
gium, Switzerland, France, Spain, Portugal, Italy, Greece, Algiers, 
Canada, United States, St Helena, Cape of Good Hope, Mauritius, 
India, Australia, Tasmania, New Zealand, &c. &c. 

For a proper comparison of temperatures. Observations made for, 
or reduced to, the same years, were, so far as possible, made use of in 
drawing the Isothermals for the same country or region. Thus, the 
same 13 years were adopted for the British Islands ; the past 10 years 
for Norway; 9 years, ending 1867, for Sweden ; 30 years for Russia ; 
20 for Prussia; 18 for Austria ; 5 years, ending 1866, for Tasmania; 
5 years, ending 1870, for New Zealand, &c. The averages for these 
yean were further compared with longer averages of places in the 
same and surroimding regions, where such averages were available. 
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CHAPTEE I. 

HISTORY AND SCOPE OF METEOBOLOGT. 

1. Meteorology (Gr. meteoros, lofty, and logos, discourse) is 
the science of the weather. The term was originally applied to 
the consideration of all appearances in the sky, astronomical as 
well as atmospherical; but it is now restricted to that depart- 
ment of natural philosophy which treats of the phenomena of the 
atmosphere that relate to weather and climate, and the laws to 
which they are subject. 

2. From the nature of the subjects which make up the science 
of meteorology, we may infer that they occupied men's minds 
from a remote antiquity. The splendid and ever-varying pano- 
rama of the sky, and the variations of temperature through the 
days and the seasons, together with the other atmospheric changes 
constituting weather which affect in so .powerful a manner the 
necessities and comfort of man, are of a nature well fitted to 
arrest his attention. From the time spent in the open air during 
the early ages, and from the imperfect protection then afforded 
against the inclemency of the seasons, the appearances which 
were found by experience to precede changes of weather were 
recorded and handed down in the sententious form of weather 
proverba. In this way many valuable facts were ascertained and 
passed current from hand to hand, so that there is perhaps no 
science of which more of the leading facts and inferences have 
been so long incorporated into popular language. But Meteor- 
ology remained in a dormant condition for ages, and no progress 

A 
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was made till proper instniments were invented for making real 
Observations with regard to the pressure, the temperature, the 
humidity, and the electricity of the atmosphere. 



Invention of Meteorological Instruments. 

3. The Barometer, — The invention of the barometer (Gr. bdroSy 
weight, and Tnetrony a measure) by Torricelli in 1643, and the ex- 
perimental proof of the weight of the atmosphere by means of it, 
a few years after, by Pascal, was undoubtedly the first step in the 
progress of meteorology toward the rank of a science. This mem- 
orable discovery, in disclosing, by the elevations and depressions 
of the mercurial column, what passes in the more elevated regions 
of the atmosphere, largely extended our knowledge of this ele- 
ment. The value of the barometer as an indicator of weather 
gave an additional impetus to the study of the science. 

4. The Thermometer. — The invention of the air-thermometer 
(Gr. therme, heat, and metroriy a measTire) by Sanctorio of Padua, in 
1590, ranks second in importance in the science, since it pointed 
to an exact determination of the temperatTire of the air, which is 
by far the most important element of weather in its relation to 
our welfare and interests. Improvements were made on the 
instrument by an Italian artist about 1655, who used wider tubes, 
terminating in bulbs, and filled with alcohol ; and by Homer, 
who used mercury, and, starting from the melting-point of ice, 
divided the tube into degrees, each intended to represent the 
100,000th part of the bulb. 

5. But the great improver of the thermometer was Fahrenheit. 
In the year 1714 he constructed thermometers, employing two 
fixed points in graduating them — one indicated by the melting- 
point of ice, and the other by the boiling-point of water at the 
mean pressure of the atmosphere. The former point he called 32°, 
the latter 212*. Any improvements that have since been made on 
thermometers, such as self-registration, are merely matters of 
convenience or detaiL In so far as concerns the pnnciple of 
construction, the thermometer may be regarded as having come 
perfect from the hands of Fahrenheit, since the instrument he 
invented can be reproduced at pleasure, the indications being in 
all cases absolutely the same. This great invention soon bore 
fruit. Small portable thermometers were constructed by Fahren- 
heit, which were taken by travellers and medical men to different 
parts of the world. By the observations made with these, the 
comparative temperatures of different countries became known. 
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and the exaggerated accounts of travellers with regard to the 
excessive heat and cold of foreign countries could be valued at 
their proper worth. Thermometers were further turned to ex- 
cellent account in the arts of brewing and horticulture, and to 
objects affecting public health, and tiius substantial additions 
were made to our comforts and luxuries. 

6. The Hygrometer, — The expansion and contraction of vege- 
table and animal substances with the varying quantity of moisture 
in the atmosphere, would appear to have suggested the idea of 
the hygrometer (Gr. hygros, wet, and metron, a measure), an in- 
strument of great value in indicating the quantity of vapour in 
the air, and, inferentially, the changes of weather resulting from 
such variation. These substances were used as hygrometers by 
the earlier meteorologists, especially by De Saussure, whose inge- 
nious and extensive researches, conducted with the simple hair 
hygrometer, entitle him to be considered the founder of this 
department of meteorology. 

7. From the period of the invention of these instruments, the 
number of meteorological observers was greatly increased, and a 
large body of well-authenticated facts began to be collected. The 
climates of particular parts of the earth were inquired into, and 
compared together; and the science made great and rapid ad- 
vances by the investigations undertaken by distinguished philo- 
sophers into the laws which regulate atmospheric phenomena. 



Important Discoyeries and Discassions. 

8. The theory of the Trade- Wifids was first propounded by 
George Hadley in the * Philosophical Transactions' for 1735 ; and 
it may be mentioned as a curious fact that it remained altogether 
unnoticed for half a century, when it was independently arrived at 
by Dalton, and published in his essays. 

9. The publication of Dalton's * Meteorological Essays' in 1793 
marks an epoch in meteorology. It was the first instance of the 
principles of philosophy being brought to bear on the explanation 
of the complex phenomena of the atmosphere. The idea that 
vapour is an independent elastic fluid, and that all elastic fluids, 
whether alone or mixed, exist independently; the great motive 
forces of the atmosphere ; the theory of winds, and their relation 
to the barometer, to temperature, and to rain ; observations on 
the height of clouds, on thunder, and on meteors ; and the rela- 
tions of magnetism and the aurora borealis, — are some of the 
important questions discussed in these remarkable essays. 
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10. One of the most interesting and fruitful subjects of inquiry 
that long engaged the attention of meteorologists was the origin of 
Dew, Pictet of Geneva, Le Roy of Montpellier, Six of CanterbTiry, 
and Patrick Wilson of Glasgow, contributed valuable observations 
and experiments which did much to elucidate the subject. Of 
these, the first place is unquestionably due to Patrick Wilson, 
whose * Memoirs of Certain Great Frosts at Glasgow,' about 1780, 
show a fidelity of observation, and a skill in interrogating nature, 
which have rarely been surpassed. But it was reserved for Dr 
Wells to arrange the different observations into a coherent whole, 
and account for them by the theory of dew he propounded — a 
theory so just and so complete that succeeding observation and 
inquiry have only confirmed it. *The Theory of Dew' was 
published by him in 1814, and must always be regarded as one 
of the greatest contributions to meteorology. 

11. In 1823 Daniell published his * Meteorological Essays and 
Observations,' in which he discussed in a masterly manner the 
hygrometry of the atmosphere, solar and terrestrial radiation, the 
barometric measurement of heights, the trade-winds, evaporation, 
and natural and artificial climates. While in all these depart- 
ments he contributed largely to our knowledge, his attention was 
most successfully turned to the investigation of the hygrometry 
of the atmosphere, which is indebted to him more than to any 
other philosopher. 

12. A most important addition to our knowledge of the vapour 
of the atmosphere was made in 1862 by Professor Tyndall in his 
experiments on radiant heat, especially as regards the gases, by 
which it is shown that the vapour of water exerts extraordinary 
energy as a radiant and an absorbent of heat. As a consequence, 
the vapour dissolved in the air serves as a covering or protection 
to the earth, shielding it from the sun's heat by day, and from the 
chilling effects of its own radiation during night. It can only 
be by a more intimate knowledge of the relations of atmospheric 
vapour to heat and pressure that many questions in meteorological 
science will be explained. 

13. Humboldt's treatise on 'Isothermal Lines' (Gr. isos, equal; 
thermCy heat), published in 1817, marks an important epoch in 
experimental meteorology. Dov^ has since continued the in- 
vestigation, and in his splendid work *0n the Distribution of 
Heat on the Surface of the Globe,' gave charts of the world, 
showing the mean temperature for each month and for the year, 
together with charts of abnormal temperature. It is scarcely 
possible to over-estimate the value of this work ; for, though to 
some extent the lines are hypothetical, there can be no doubt that 
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a close approximation to tlie march of temperature and its dis- 
tribution over the globe through the year was laid down. The 
work has been carried out with greater fulness of detail by the 
Government of the United States of America, in the Charts of 
Temperature and Eainfall published in * The Army Meteorological 
Register' for 1855. In these charts, the temperature and rainfall 
during the different seasons, for every part of the United States, 
are laid down from observations. Temperature Charts of the 
British Islands for the months and for the year have also been 
published by the Scottish Meteorological Society, constructed from 
the mean temperatures of 170 places. 

14. In connection with terrestrial temperature, the laborious 
investigations of Dov^, Sabine, Buys Ballot, Jelinek, Hann, 
Quetelet, Hansteen, Mohn, KupflFer, Forbes, and Glaisher, in 
calculating the mean temperature of places for periods of five or 
of two days, or for each day of the year, deserve to be specially 
notice^. An examination of these mean daily temperatures brings 
out the interesting fact that, over extensive parts of the earth's 
surface, interruptions occur, at stated times in the year, in the 
regular rise and fall of temperature, thus pointing to widespread 
disturbing causes, the explanation of which will doubtless lead to 
a juster conception of the disturbing forces of the atmosphere. 

15. In 1868, Charts showing by Isobaric Lines (Gr. isos, equal, 
and hdros, weight) the distribution of the mass of the earth's at- 
mosphere, and by Arrows the direction of the prevailing winds over 
the globe, for the months and for tlie year, were published. By 
those charts, the motions of the atmosphere, and the proximate 
causes of these motions, were for the first time approximately 
stated, and an insight was thereby obtained into some of the more 
intricate problems of meteorology. As winds bring with them the 
temperature and vapour of the regions they have traversed, these 
charts may be regarded as furnishing the key to the climates of 
the globe, since the temperature and rainfall of the different 
seasons may be thus approximately known. 

16. On the 15th of June 1752, Benjamin Franklin, by the 
happily-conceived experiment of flying a kite, identified lightning 
and electricity, thus giving an interest and an impetus to electrical 
observations. The brilliant discoveries which have recently been 
made on the mutual relations of electricity, magnetism, heat, 
motion, and the other forces of matter, lead us to indulge the 
hope that the application of these results to meteorology will be 
attended with discoveries equally brilliant and important. 



HISTORY AND SOOPE OF METEOBOLOOY. 



Meteorological Societies and Storm - Warnings. 

1 7. The establishment of Meteorological Societies during the last 
twenty-five years most also be commemorated as contributing in 
a high degree to the solid advancement of the science, which, more 
than any other, depends on extensive and accurate observations. 
In this respect the United States stand pre-eminent, the observers 
there numbering about 800. Great Britain is also well repre- 
sented in the English and Scottish Societies, which together 
number about 150 observers. In Austria, Switzerland, France, 
Prussia, Italy, Russia, Norway, Sweden, Denmark, Belgium, the 
Netherlands, Spain and Portugal, Algeria, Cape Colony, India, 
and the Australasian colonies, meiteorology is being widely culti- 
vated. In Austria alone the number of stations is 118, and in 
Switzerland 83. Considerable attention has also been given to 
the rainfall in Great Britain and Ireland ; and, chiefly through 
the great exertions of Mr G. J. Symons, London, about 1500 rain- 
gauges are now registering the rainfall of the British Islands. 

18. A special object of meteorological inquiry is to ascertain the 
degrees of heat, cold, and moisture peculiar to different localities, 
and the usual periods of their occurrence, with a view to discover 
their effects on the health of the people, and on different agricul- 
tural products. With regard to questions of such general interest 
affecting the health and food of the people, these Societies have 
already collected much valuable information, which but for their 
aid could not have been obtained. 

19. But perhaps none of the arts have benefited to so large an 
extent by the labours of meteorologists as navigation. The know- 
ledge thereby acquired of the prevailing winds in different parts 
of the earth during the different seasons of the year, the region of 
calms, the parts of the oceans swept by devastating storms at par- 
ticular seasons, and the laws of storms, has saved innumerable 
lives and much property ; and by pointing out the quickest routes 
to be followed, has shortened voyages between distant countries. 
In connection with this department of the science, the name of 
Maury will always be remembered with gratitude for the signal 
service he has rendered to navigation. The good work thus begun 
by him has rendered intercourse among nations safer and more 
expeditious ; and when future observation has supplied the mate- 
rials requisite to enable us to correct the inevitable mistakes and 
fill up the blanks of his ocean charts, the benefits this celebrated 
meteorologist has conferred on the human race will more conspicu- 
ously appear. 
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20. Prediction of Storms, — Another fruit of the multiplica- 
tion of meteorological stations is thie prediction of storms and the 
foretelling of the weather. It is impossible to over-estimate the 
value of storm- warnings to the shipping interests. In the north 
temperate zone, observation shows that storms almost invariably 
come from some westerly point, and thence follow an easterly 
course. In the tJnited States of America, it is easy to warn sea- 
ports of the approach of storms ; for as soon as a storm appears in 
the western States bordering on the Rocky Mountains, it may be 
intimated to the central office in Washington, followed in its march 
by the telegraph, and timely warning of its approach sent to the 
coasts which it will visit. The United States of America is thus 
in a favourable position for effectually carrying out a system of 
storm-warnings. 

21. On the contrary, Great Britain, France, and the rest of 
Western Eiirope, are unfavourably situated to allow of timely 
warning being given of coming storms. If no warning be sent till 
the storm has made its appearance, it is too late for the western 
seaports. In Europe, however, stormy weather is accompanied by 
a diminution of atmospheric pressure, which, after traversing more 
or less of the Atlantic, arrives on the coast of Europe. The ex- 
istence of this diminished pressure is made known by the barom- 
eter while the maximum depression is still at a considerable dis- 
tance out in the ocean ; and collateral information, pointing to an 
advancing storm, may be obtained from the direction of the wind 
and the cirrus cloud. Here, then, we have the materials for fore- 
telling the approach of storms on the west coast of Europe. For 
though we do not possess the same advantages towards arriving at 
the degree of certainty of the American predictions, and so of tele- 
graphing to ports on the west coasts that a storm is actually se-en 
advancing on thevriy yet from the premonitions afforded by the 
barometer, the wind, and the cirrus cloud, we can warn them to 
prepare for a storm likely to visit them. The giving practical 
effect to this idea constitutes the splendid contribution to meteor- 
ology made by Admiral Fitz Roy in February 1861, by the system 
of storm-warnings which, in its essential points, has since been 
generally adopted — a service which has entitled him to be consi- 
dered as a public benefactor. 

22. To ascertain the course storms usually follow, and the causes 
by which that course is determined, so as to deduce, from meteoro- 
logical phenomena observed, not only the certain approach of a 
storm, but also the particular course it will take in its passage over 
Europe, is the first problem of meteorology. In carrying out this 
great work, the * Bulletin International/ begun by Le Verrier, 
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published daily in Paris, if supplemented "by additional observa- 
tions from places in the British Islands, and in Northern, Eastern, 
and South-Eastem Europe, will furnish the required materials. 
This admirable publication, which must be regarded as the latest 
important step taken in the progress of meteorology, shows graphi- 
cally the atmospheric pressure, and the direction and force of the 
winds, each morning over Europe, together with tables of tempera- 
ture, rainfall, cloud, and sea disturbance. 

23. In the schools of the United States of America, Meteoro- 
logical Observations, and the keeping of Meteorological Registers, 
form a part of the common education of the people. Also in the 
higher schools of France, and some other European countries, 
systematic instruction is communicated on this subject. But 
in this country few even of the liberally educated classes are 
able to read from a vernier ; they are ignorant of the use 
of the movable cistern of a barometer ; they have not the 
elementary knowledge to give an intelligible interpretation to the 
fluctuations of the barometer as indicative of coming changes of 
the weather ; and when required to send their barometers to a 
distance for repair, so ignorant are they of their construction, that 
they forward them by rail as ordinary parcels, thus almost to a 
certainty securing their destruction. This state of things is the 
necessary consequence of the general neglect which meteorology 
and science generally receive in our educational system. The 
objects of meteorology can never hold that place in the public 
mind to which they are entitled, till the science becomes, as in 
America, a recognised branch of education. When the law of 
storms begins to be generally understood, and, as a consequence, 
the value of observations of the barometer, of the direction of the 
wind, and of the appearances of the clouds, comes to be appreci- 
ated as heralding changes of the weather, we cannot doubt that 
this very practical age will take steps to provide for the instruc- 
tion of the people in the elementary facts of meteorology, and in 
the use of the different meteorological instruments. 







CHAPTER II 



THE WEIGHT OR PRESSURE OP THE ATMOSPHERE. 



24. The Barometer (Gr. bdros, weight, and metroUy a measure) 
is the instrument used for measuring the height of a column of 
mercury supported hy the pressure of the atmo- 
sphere. From this height the weight of the atmo- 
sphere is ascertained. The fundsmaental principle 
of the barometer cannot be better illustrated than 
by Torricelli's experiment. Take a glass tube 
(fig. 1), about 33 inches in length, open at one end ; 
fill it with mercTiry ; and, closing the open end with 
the finger, invert it, and plunge the open end into 
a bowl (c) also containing mercury. The column 
will fall in the tube to about 30 inches above the 
surface of the mercury in the bowl, if the experi- 
ment be made near the level of the sea. The fluid 
is upheld in the tube by the air outside of it press- 
ing on the mercury in the bowl ; and since the one 
thus balances the other, it is evident that the mer- 
curial column will serve as an accurate indicator of 
the varying pressure of the air. The space a 6 in 
the tube above the mercury is one of the nearest 
approaches to a vacuum that can be made. It is 
called the Torricellian vacuum. 

25. Tlie heights of the columns of two fluids in 
equilibrium are inversely as their specific gravities ; 
and as air is 10,784 times lighter than mercTiry, the height of the 
atmosphere would be 10,784 times 30 inches, or nearly five miles, 
if it were composed of layers equally dense throughout. But 
since, from its great elasticity and the diminished pressure, air 
becomes less dense as we ascend, the real height is very much 
greater. At the height of 50 miles, the atmosphere is so rare that 
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the effect on the twilight is nearly inappreciable ; hut from the 
observations of the aurora and shooting-stars, it is inferred that 
there is still an appreciable atmosphere at a height of from 200 
to 300 miles, or even greater. 

26. Other fluids may be used in constructing barometers, which, 
being lighter than mercury, have columns proportionally longer. 
Thus, if water, which is nearly 14 times lighter than mercury, be 
used, the barometric column is about 35 feet long. The advan- 
tage Water Barometers might be supposed to possess in showing 
changes of atmospheric pressure on a large scale, js more than 
counterbalanced by a serious objection. The space in the tube 
above the water is far from being a true vacuum, but is filled 
with aqueous vapour, which presses on the water with a force 
varying vnth. the temperature. If the temperature be 32°, the 
column is depressed half an inch, and if it be raised to 75° it is 
depressed a foot. In mercurial barometers the space in the top 
of the tube is no doubt filled with the vapour of mercury, but its 
pressure is so slight that it could not be measured by the most 
finely graduated vernier. 

27. The tubes of barometers must be filled with pure mercury. 
If the mercury be not pure the density will differ, and consequent- 
ly the length of the column will not be the same as that of a 
barometer in which pure mercury has been used ; and, moreover, 
impurities will soon appear in the mercury, causing it to adhere 
to the tube, and, thus impeding its action as it rises and falls, will 
render the instrument useless for accurate observation. In filling 
tubes, air and moisture are mixed up with the mercury, which 
must be expelled by boiling the mercury in the tube. As it is 
essential that a barometer be quite free from air and vapour, it 
should be tested some time after it has been boiled, and before it 
is used. This is done by gently inclining it, so that the mercury 
may strike against the top of the glass tube. If there be no air 
within, a sharp metallic click will be heard ; but if the sound be 
dull, the air has not been completely expelled. 

28. Barometers are commonly divided into two classes — cistern 
barometers and siphon barometers, the best being the cistern 
barometer. Fig. 1 shows the Cistern Barometer in its essential 
and simplest form, and it only requires a scale, extending from 
the surface of the mercury in the cistern to the top of the mercury 
in the tube, to make it complete. Cistern barometers are subject 
to two sorts of error, the one arising from capillarity (L&t.'capilluSy 
hair), and the other from changes of level in the cistern as the 
mercury rises and falls in the tube. 

29. The laws of the equilibrium of fluids hold good when 
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the tubes are of considerable diameter ; but when they are very 
small, the laws of equilibrium are quite different. If a tube of 
small diameter, open at both ends, be plunged into a fluid which 
wets it, the fluid is elevated within and upon the outside, and 
maintained at /a height which is greater as the diameter of the 
tube is smaller. But if the tube does not become wet, as in 
the case of mercury, the- fluid is depressed in the tube, and 
the smaller the diameter of the tube the greater is the depres- 
sion. Thus, if the diameter of the tube be half an inch, the 
error arising from capillarity is only .003 inch ; if the diameter 
be J inch, the error is .012 inch ; if the diameter be ^ inch, the 
error is .020 inch ; and if the diameter be J inch, the narrowest 
tube that should ever be used, the error is .070 inch. Since the 
effect of capillarity is to depress the barometric column, cistern 
barometers require an addition to be made to the observed height 
to give the true height. 

30. The other error is called the trrcyr of capacity, which arises^ 
in this way : The height of the barometer is the distance between 
the surface of the mercury in the cistern and the upper surface of 
the mercury in the tube. Now, suppose the barometer falls from 
30 inches to 29 inches, an inch of mercury must^ow out of the tTibe, 
and pass into the cistern, thus raising the level of the cistern ; if, 
on the other hand, it rises from 29 inches to 30 inches, mercury 
must flow from the cistern into the tube, thus lowering the level 
of the cistern. Hence, then, owing to the incessant changes in 
the level of the cistern, the readings on the fixed scale are some- 
times too high and sometimes too low. The simplest and rudest 
way of compensating for this error is to ascertain (1) the neutral 
point of the instrument — ^that is, the height at which it stands 
when the zero of the scale is on a level with the surface of the 
mercury in the cistern, or when it agrees with a standard baro- 
meter ; and (2) the rate of the error as the column rises or falls 
above this point, and apply a correction proportioned to this rate. 
This is both a clumsy method and gives rise to frequent mistakes. 
The error is the less the more the area of the surface of the cis- 
tern exceeds that of the column in the tube, because the mercury 
which flows into, and out of, the cistern, is spread over a larger 
surface. For this reason the cisterns of barometei*s should be 
made as large as possible. 

31. The barometer in which the error of level is entirely got 
rid of is one invented by Fortin ; and since it is the best cistern 
barometer, we here describe it, or rather the modification of it 
which is in very general use, figs. 2 and 5. In fig. 2, B is a brass 
box containing the cistern, C, the walls of which are of boxwood, 
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but the bottom of flexible leather. This cistem conttune the 
mercuiy into which the glaas tube is plunged. P is a screw, 
which works through the bottom of the brasa 
box, B, against the flexible bottom of the cistern, 
by which the level of the mercury may be 
raised or degressed. F is a small ivory piston, 
to the foot of which ia attached a float, restiog 
on the surface of the cistern, which moves freely 
between the two ivory supports, I, There are 
horizontal lines on the ivory float and supports, 
which are drawn m as to lie in the same atraiglU 
line only when ike surface of the mercury in the 
cistern ieatthe zero-point irom which the scale, 
G, of the instrument ia graduated. Hence, then, 
with every observation, the screw, P, must be 
turned either way till these lines lie in one 
and tlie same straight line. The glass tube, the 
lower part of which ia seen plunged into the 
mercury in the cistern at T, is enclosed in a 
brass tube, which extends continuously from the 
braes boi, B, to the top of the instrument. This 
■ brass tube is made with two opposite slits for 
the purpose of showing the*height of the mer- 
cury. In these slits is placed a vernier, T, 
which slides up and down by turning the screw, 
H. When the height of the barometer is to be 
observed, the screw, H, ia turned till the hori- 
zontal edge of the vernier forms a tangent to 
the convex curve of the mercury, aa at fig. 4, 
Care most be taken to avoid a mistake not un- 
f requently made, in shutting off the whole light ; 
that is, instead of making the vernier a tangent 
to the mercurial curve, as it should be, it is . 
made the arc of that curve. 

32. A Travelling Barometer, fig. 3, has been 
constructed by Adie of London, which possesses 
several advantages as a practical instrument. The error of capillar- 
ity is allowed for in fixing the zero-point of the scale. The error 
of capacity ia obviated by making the inches of the scale not true 
inches, but just so much leas as exactly to counterbalance the 
error of capacity. The diameter of the glass tube is generally 
contracted in its middle part, by which the risk of breakage as it is 
conveyed from place to place is so much lessened that the instru- 
ment may be aent as a parcel by rail, if ordinary care be taken in 
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temoving it in and out of the cartiages. 
When the tube is veiy much narrowed 
through the greater part of its length, it 
forma the Marine Barometer. It is also 
frequently made witk an air-trap, at A, flg. 
2, by whioh any air that may aocidentally 
find its way into the tube by the cistern ia 
arrested in its ascent towards the top, and 
the instrument smt^ns no damage from 
the accident. 

33. As common cistern barometeia are 
liable to be deranged by the introduction 
of air into their tubes on being remoyed 
fcom place to place, or in 
being unskilfully handled, (Q 

it is useful to know how the - j^^ 
air may be eipelled. First, K^„a^l } 
close up the cistern, iig. 2, so f.^ t, 

as to prevent the escape of L i ' 
the mercury, by filing the 
ivory piston, F, which acts aa 
a stopper to the cistern on 
being screwed up tight ; then 
by the screw, P, raise the 
mercurial column to about 
half an inch from the top of 
the tube ; and having slonly 
inverted the instrument, place 
the top of it against a yield Fig 4 
ing substance, such as the 
boot, and tap gently on the cistern with 
the palm of the hand, so as to induce the 
air to ascend to the cistern, M'hence it 
escapes. Since there is the weight of two 
atmospheres (the mercury in the barometer 
and the weight of the air ontaide) pressing 
on any air that may be inside the tube it 
ia usually a tedious process to get it wholly 
expelled. The clear metallic click of the 
mercury, when struck ^^ainst the top of 
the tube, by gently inclining the barometer 
will show when the air has been got nd of 
On hanging up the barometer, care must 
be taken to lower the mercury in tie tube 
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by turning tke screw, P, before unfaEtening the float, F ( for if 
this be not attended to, the pressure applied by the screw, P, will 
cauae the laeroury to flow out at the aperture of the float, thus 
seriously damBging the instrimient. 

34. In hanging or fixing the baroneter, a perfectly perpendi- 
cular position must be secured. If this be not done, the readings 
will be higher in proportion to the amount of the deviation from 
the perpendicular. Thus, if instead of hangingiit a perpendiculai' 
line it slant a little, it may read a tenth or more above what it 
ought to read. Hence, to obviate this risk of error, it is always 
preferable that barometers swing in position. 

35. The Siphon SaroTiieter (Gr. siphon, a tube), fig. 6, is niade 
of a tube bent in the form of a siphon, and of the same diameter 

throughout. A giwiuat^d euale pae>Ks along the whole 
length of the tube, and when an observation is made, 
B°[ gj^ the readings at the lower and upper limbs are taken, 
and the difference between them is the height. There 
LS another form of this instrument, in which, by means 
of a screw acting from below, the tube is made to slide 
along the scale ; and hence, in observing, it is only ne- 
cessary to set the zero-point of the scale at the same 
height as the surface of the mercury in the lower limb, 
and the height is observed at once from the upper 
limb. Since in siphon barometers the capillary 
attraction at both surfaces is the same, no error arises 
from this cause ; and, still further, there is no error of 
capacity from difference of level as in cistern baro- 
. But these advantages are counterbalanced by 
two disadvantages ; 1, The trouble of taking two ob- 
i, and the mistakes which must frequently 
n taking the difference of the two ; 2. The free 
contact of the lower open limb with the air, by which 
the mercury contracts impurities, and the working of 
the instrument is thereby interfered with. In narrow 
Fie. 6. tubes this becomes a very serious objection. 

36. The common Wheel BaromtUr, the popular 
form of the wmther-glais, is a modification of the Siphon Baro- 
meter. A small weight, glass or iron, floats on the merc»iry in 
the lower limb of the siphon : to this weight a thread is attached, 
which is led round a horizontal axis, a small weight being eus- 
pended at its free extremity to keep it tight. The glass float 
rises and falls with the fluctuations of the barometer, and a 
pointer fixed to the horizontal axis being turned by this means, 
indicates the pressure by figures on a dial Since the mercury 
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only rises or falls in the open end of the siplion t« the extent of 
half the oscillation, a cistern is added to the top to increase the 
amount of the variation in the lower limh. The lengthening and 
shortening of the thread with the dampness or drynesB of the air, 
and the friction of the difTerent pad«, are causes of lai^e and \m~ 
certain errors in this form of the barom.eter, and hence it cannot 
be used where accuracy ia required. It is, however, ueeful in 
showing roughly the more marked atmospheric fluctuations hy 
which changes of the weather are indicated. 

37. It may be proper to refer here to what opticians have 
called the Fitz Roy Barometer, which is a modified form of the 
Siphon Barometer. The lower limh is blown into a moderatdy- 
siied bulb, which forms a cistern. Since the price {20s.) is too 
low to admit of good tubes being used and the mercury boiled in 
them, and since the error of capacity is not got 
rid of, the instrument is of no use for scientific 
purposes. It is useful as a weather indicator, in 
which respect it is an improvement on the ordi- 
nary Wheel Barometer, 

38. The principle on which the Anennd Baro- 
meto" {Gt. a, without; neroa, moist or fluid; and 
eidoa, form) depends is the varying pressure of the 
atmosphere upon an elastic metallic chamber par- 
tially exhausted of its air, and so constructed that 
by a system of levers a motion is given to a pointer 
which travels over a graduated dial. As it ia very 
portable, and not liable to he broken, it ia well 
adapted for nautical purposes, and for measuring 
heights. It requires, however, to be repeatedly 
compared with a atajidard mercurial barometer, 
being liable to variation from the elasticity of the 
brass of the chamber chan^ng, or from changes 
in the system of levers which work the pointer. 
Though aneroids may be constructed showing 
great accuracy in their indications, yet none can lay 
claim to the exactness of mercurial barometers. The 
internal machinery is liable to get fouled, in which 
state they may change 0.300 inch in a few weeks, 
and indicate pressure so irregularly that no con- 
fidence could be placed in them even for a few days. 

39. The SympUtoTneter (Or. tympiezo, I com- 
press, and mrtrwi, a measure), fig. 7, was invented 
by Mr Adie of Edinbui^h, It consists of a glass 
tube, 18 inches in length and j inch in diameter, <Nv'^k «. istoi^ 
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chamber at the top, and an open cutem below, The upper part 
of the tube is now filled with common air, and the lower part and 
cistern witli glycerine. Hence, when the pressure of the atmo- 
ephere is increased, the air is oompreeaed, and the fluid rises ; but 
when it ia diminished, the aii expands and the fluid Mis. To 
obviate error from the increased pressure of the gas when its 
temperature is raised, a thermometer and eliding scale are added 
to the instrument, so that it may be adjusted to the temperature 
at each observation. It is a very sensitive instrument, and well 
adapted for use at sea and by travellers, but it is not suited for 
exact observation, 

40, Hiyw touKiht Vernier.— &. remier (so called from the inven- 
tor M. Feter Vernier) is an instrument for reading off the graduated 
scale of the barometer true to the i^th or 
^th part of an inch. It consists, figs, 8 
and 9, of a piece similar t« the scale of the 
" barometer, along which it slides. It will be 
* observed from fig. 8, that ten divisions of the 
' vernier are exactly equal to eleven divisions 
s of the scale— that is, to eleven-tenths of an 
~ZZt incli. Hence each division of the vernier ia 
~ - jD equal to a tenth of an inch, together with a 
tenth of a tenth, or a hundredth, or to ten 
Fig. a Fig. 9. hundredths and one hundredth— that is, to 
eleven hundredths of an inch. Similarly two divisions of the 
vernier are equal to twenty-two hundredths of an inch, which, ex- 
pressed as a decimal fraction, is 0,23 inch ; three divisions of the 
vernier to 0.33 inch, &c. Suppose the vernier set as described and 
figured at p, 13 — that is, having the zero-line of the vernier a 
tangent to the convex curve of the mercury in the column. If the 
vernier and scale occupy the relative positions as in fig. 8, then 
the height of the barometer is 30.00 inches. But if they stand 
as in fig. 9, we set about reading it in this way : 1 . The zero of the 
vernier beuig between 29. and 30, the reading is more than 29 
inches, but less than 30 inches, we obtain the first figure — * 

29 inches, 
3. Counting the tenths of an inch from 29 upward, we find that 
the vernier indicates more than J tenths, and leas than 8 tenths, 
giving the second figure — 

7 tenths, or 0.7 inch. 
3. Casting the eye down the scale to see the point at which a 
division of the scale and a division of the vernier lie in one and 
the same straight line, we observe this to take place at figure 6 of 
the vernier; this gives the last figure — 
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6 hundredtlis, or 0.06 incL 
And placing all these fignres in one line, we find that the height 
of the barometer is 29.76 inches. This sort of vernier gives read- 
ings true to the hundredth of an inch. If the inch be divided 
into half-tenths or twentieths, and 25 divisions of the vernier 
equal 24 divisions of the scale, it follows that the difference of 
these divisions is two thousands of an inch. This vernier is 
always used with the best barometers, and though a little trouble- 
some to read at first, yet if the method of reading the simpler one 
just described be understood, the difficulty wiU be easily over- 
come. 

41. Reduction of Barometric Readings to 32*. — Mercury ex- 
pands j^^y of its bulk for every degree of Fahrenheit's ther- 
mometer. If, then, a barometer stands at a height of 30 inches 
when the temperature of the instniment is 32®, it will stand at 
30^ inches if the temperature be raised to 69°. This increase of 
the length of the colimm by the tenth of an inch is not due to any 
increased pressure, but solely to the greater expansion of the 
mercury under a higher temperature as compared with the ex- 
pansion of the glass tube which contains it, and of the brass scale 
by which the height is measured. In order, therefore, to compare 
together barometric observations with exactness, it is nedessary to 
reduce them to the heights at which they would stand at some 
uniform temperature. The temperature to which they are gene- 
rally reduced is 32°. 

42. Table I., at the end, gives the temperature corrections, 
adopted by the Royal Society of London, in decimals of an inch 
for every degree from 29° to 90°, and for every half-inch of pres- 
sure from 27.0 to 30.5 inches. The scale is supposed to be brass, 
extending from the cistern to the top of the column, the difference 
between the expansion of brass and mercury being allowed for in 
the table. Since the standard temperature of the English yard 
is 62°, and not 32°, the difference of expansion of the scale and the 
mercurial column carries the point of no correction down to 28°.5. 
The table may be used for temperatures lower than 28°. 5, by 
noting how many degrees the given temperature is below 28°. 5, 
and then looking at the temperature which is just so far above 
28°.5, the correction will be foimd, but it must be added instead 
of being subtracted. Thus, suppose we wish to find the tem- 
perature correction at 20°.0, the height of the barometer being 
30 inches. Looking for the correction at 37°.0, which is as far 
above 28°.5 as 20°.0 is below it, we find it to be —.023 ; and hence 
the correction for 20°.0 is +.023. 

43. The column of mercury in the tube is supported above the 

B 
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level of the merciuy in the cistern by the pressure of a column of 
the atmosphere having a base equal to that of the column. Hence 
the weight of this atmospheric column equals that of the column 
of mercury. Now, if we suppose the mercurial column to be 30 
inches, which is probably near the average height of the barom- 
eter at sea-level, and its base equal to a square inch, it will con- 
tain 30 cubic inches of mercury ; and since one cubic inch of 
mercury contains 3426| grains, the weight of 30 cubic inches will 
be nearly 147 lb. avoirdupois. Thus the pressure of the atmo- 
sphere generally on a square inch of the earth's surface is 14.7 lb. 

44. Mode of estimating Atmospheric Pressure. — ^The pressure 
of the atmosphere is not expressed by the weight of the mercury 
sustained in the tube by that pressure, but by the perpendicular 
height of the column. Thus when the height of the column is 
30 inches, we do not say that the atmospheric pressure is 14.7 lb. 
on the square inch, but that it is 30 inches, meaning that the 
pressure will sustain a column of mercury at that height. 

45. In England and America the height of the barometer is 
expressed in English inches, and in Eussia by half-lines. As a 
half-line equals half an English decimal line, or the twentieth 
part of an English inch, the Eussian barometric observations axe 
reducible to the scale of English inches by dividing by 20. In 
France and most countries of Europe the height is expressed in 
millimetres — a millimetre being the thousandth part of the 
French metre, which equals 39.37079 English inches. The old 
French scale, in which the unit is the French or Paris line 
(0.088814 inch), is still in use in a few countries on the Continent. 
Table II. will be found useful in comparing millimetres with 
English inches, and Table III. in comparing Paris lines with 
English inches. In the old French barometer, Paris lines are 
frequently written in Paris inches, 12 lines being equal to an 
inch. Hence 300 lines equal 25 inches, 312 lines 26 inches, 324 
lines 27 inches, and 336 lines 28 inches, &c. The English 
measure of length being a standard at 62° Fahr., the old French 
measure at 61°.2, and the modem French at 32°, it is necessary, 
before comparing observations taken with the three barometers, 
to reduce them to the same temperature, so as to neutralise the 
inequalities arising from the expansion of the scales by heat. 

46. Correction for Height — Since in rising above the level of 
the sea a portion of the atmosphere is left behind, the pressure is 
thereby diminished and the height of the colunm is less. Hence 
an addition requires to be made proportional to the height of each 
station above mean sea-leveL This addition is called " correction 
f(yr height,** Its amount is determined by the height of the place 
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above the sea ; the atmospheric pressnre, temperature, and 
humidity at the time ; and the distance from the centre of gravity 
of the earth, which is known from the latitude and height above 
the sea. 

47. The correction for decrease of gravitation at the high 
station, as compared with the force of gravity at sea-level, is 
small,^ amounting only to about 0.001 inch per 400 feet. Since 
the force of gravity is diminished in proportion to the square of 
the distance from the centre of gravity, the rate of its decrease 
with the height varies in different latitudes. Places at the 
equator being farther from the earth's centre than places at the 
poles, it follows that the force of gravity diminishes at a less rapid 
rate as we ascend at the equator than at the poles. Now, since at 
the equator gravity diminishes least rapidly with the height, the 
air of the atmosphere will at any given height weigh more there 
than anywhere else on the globe at the same height as compared 
with what it would do at sea-leveL Hence, to bring it to the 
average, a subtraction requires to be made at the equator, which 
diminishes in amount as we proceed towards the poles, till it falls 
to zero at latitude 45°, where the mean rate of decrease of gravity 
with the height is attained. For higher latitudes an addition is 
required which constantly increases till it reaches the maximum 
at the poles. This correction is also small, being, for 1000 feet, 
less than 0.001 inch in Great Britain, and less that 0.003 inch at 
the equator and at the poles. 

48. Since air is denser when the pressure is 30 inches than 
when it is 28 inches, the correction for height will be considerably 
greater in the one case than in the other. And again, since air is 
denser at 32° than at 60°, the correction for height is greater at 
32° than at 60°. A column of air 87.51 English feet in height 
balances one-tenth of an inch of mercury (0.100 inch), when the 
mean temperature is 32°, and the pressure at the base of the 
column 30.000 inches. The coefficient expressing the expansion 
of air by heat, according to Gay-Lussac, is 0.0021 of its bulk for 
one degree Fahrenheit. Hence, if the temperature be raised to 
50°, the height of the column of air necessary to balance one-tenth 
of an inch of mercury will be 91.01 feet — that is, the raising of 
the temperature from 32° to 50° has pushed the air up 3J feet 
above places at a height of 87^ feet ; and the atmospheric pressure 
being thus increased by the weight of the 3J feet raised above 
them, and consequently pressing on them, the correction for 
height becomes less. Let H be the height in feet of a column 
of air at the given temperature required to balance 1 inch of 
mercury ; / the height of the place above sea-level ; hf i)cA x^»^£Ek% 
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of the baxometer reduced to Z2°, and h the height of the barometer 
at the sea-level, then — 

The correction for height = ^ 

H X h 

49. Table IV. gives the corrections for heights computed from 
the constants of Laplace's formula, the barometric coefficient 
being 60,345.51 English feet, and the coefficient for expansion of 
moist air 0.004 ; the correction for decrease of gravity for a 
vertical being included. The table gives the corrections for 
heights up to 1000 feet, and for every 10 degrees of temperature 
from 0° to 90^ The height of the barometer has been assumed 
to be 30 inches in constructing the table. 

50. It will be observed that the numbers for which corrections 
are given in the table begin at 10, and run thus, 10, 20, 30, &c. 
The corrections for the digits may be obtained from those for 10, 
20, 30, &c., by simply shifting the decimal point one place to the 
left ; and for the intermediate numbers by adding the correction 
for the digits to those for the even tens. Example : At a tempera- 
ture of 50° and at a height of 388 feet the correction will be, — 

Correction for 380 feet 0.412 inch. 

8 „ 0.009 „ 



388 „ 0.421 „ 

Up to 500 or 600 feet, and when the pressure at sea-level is about 
30 inches, the table may be considered sufficiently accurate as it 
stands ; but for greater heights, and when the pressure at sea- 
level differs materially from 30 inches, the figures require some 
alteration. 

51. 1°. For Temperature, — ^The temperature strictly is not the 
temperature of the higher station, nor the temperature at sea-level, 
but the mean of the two ; or rather, the mean temperature of 
the whole stratum of air from the higher station down to sea-leveL 
Since the temperature may be assumed to fall 1° for every 300 
feet of elevation, the temperature of the air will require to be 
increased 1® for every 600 feet the higher station is above the sea. 
Thus, suppose the temperature of a place 1200 feet in height to 
be 48% in calculating the correction we should add 2' to it, thus 
making it 50°. 

52. 2°. For Low Pressures at Sea-level— When the barometric 
reading reduced to 32° and sea-level would be less than 30 inches, 
the correction is too large ; and if greater, the correction is too 
small. To compensate for this error a column of " differences " is 
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added to the table, giving the amounts to be added to or taken 
from the corrections for each inch which the pressure* at sea-level 
falls short of or exceeds 30 inches. With tU^e modifications the 
table may be extended to include heights of 2000 feet where very- 
great accuracy is not required, or where it is not possible to be 
attained. But in reducing to sea-level the mean barometric obser- 
vations made at high situations during a number of years, and 
where consequently the mean temperature of the air is closely 
approximated to, more accurate methods of reducing barometric 
observations to sea-level require to be employed. 

53. Examples showing tJie Reduction of the Barometer to 32° 
and Sea-leveL — ^At Edinburgh, during June 1867, the mean daily 
height of the barometer was 29.820 inches, the attached thermo- 
meter 61°. 7, and the mean temperature of the air 56°,6, the height 
of barometer above mean sea-level being 270 feet. 

Observed mean height, 29.820 inches. 

Correction reqidred at 61°.7 (Table I.), .... — .088 „ 

Reduced to 32°, 29.732 „ 

Correction for height, 270 feet, air being 56°.6 (Table IV. ), + . 289 „ 

Reduced to 82° and sea-level, 30.021 

Hence, if the Edinburgh observations during June 1867 had been 
made at sea-level, and the temperature remained at 32**, the mean 
barometric height for the month would have been 30.021 instead 
of 29.820. 

54. Barometric Measurement of Heights. — It would be out of 
place here to give the more exact formulaa for determining heights 
by means of barometric observations, since to be of any value 
they require to be accompanied by series of tables quite beyond 
the scope of an elementary treatise. Table IV. may be used for 
the determination of heights with sufficient accuracy for general 
purposes, and it may be easily enlarged so as to include all places 
and heights in Great Britain. A double set of observations made 
simultaneously is necessary — one at the place, the height of which 
is sought, and the other at the level of the sea. At each place the 
height of the barometer, the attached thermometer, and the tem- 
perature of the air in shade, require to be observed. The problem 
is made simpler by reducing both barometers to 32°. To take a« 
simple case : — Suppose the barometer at a lower station, or at the 
sea-level when reduced to 32°, to be 30.000 inc}ies, and temperature 
of the air 51°; and the barometer at the higher station 29.510 

* Found approximately from the table by applying the correction for the 
height. 
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inches, and temperature of the air 49®. The mean of the two 
temperatures being 50**, and the difference of the barometers .490 
inch, we shall find, if we cast our eye down the column of the 
temperature of 50°, that .490 inch stands opposite 450 feet : the 
height is therefore 450 feet above the sea. In cases when simul- 
taneous observations cannot be had at sea-level, the height may be 
determined from observations made at some known height above 
the sea, with which, being reduced to sea-level, the observations 
at the higher place may be compared. 

55. Variations of the Barometer, — ^The variations observed in 
the pressure of the air may be divided into two classes — viz., peri- 
odical and irregular. The periodical variations recur at regular 
intervals, whilst the irregular variations observe no stated times. 
The most marked of the periodical variations is the daily variation, 
the regularity of which in the tropics is so remarkable that, accord- 
ing to Humboldt, the hour of the day may be ascertained from the 
height of the barometer without an error of more than 15 or 17 
minutes on the average. This horaiy (Gr. hora, an hour) oscilla- 
tion of the barometer is masked in Great Britain by the frequent 
fluctuations to which the atmosphere is subjected in these regions. 
It may, however, be detected by taking the means of a series of 
hourly observations conducted for some time. The results show 
two maxima occurring from 9 to 11 a.m. and from 9 to 11 P.M., 
and two minima occurring from 3 to 5 a.m. and from 3 to 5 p.m. 

56. At Calcutta, where, as in other tropical climates, the hourly 
variation of the barometer is well marked, the following are the 
extreme variations from the daily mean pressure, with the periods 
of their occurrence in the four months of the year which may be 
regarded as representing the seasons. They are the means of the 
three years, 1862-64. 





A.M. 


P.M. 


Daily 
Ranob. 


Mm. 

at 8.80. 


Max. 
at 9.30. 


MiN. 

at 4.30. 


Ma3L 

at 10.30. 


January, . 
April, 
July, 
October, . 


—.019 

—.020 

.017 

—.027 


+ .076 
+.068 
+ .039 
+ .061 


—.051 
—.071 
—.054 
—.048 


+ .008 
+.013 
+ .026 
+ .020 


.127 
.189 
.093 
.109 



Thus the greatest maximum occurs at Calcutta at 9.30 A.M., and 
the greatest minimum at 4.30 p.m., the lowest maximum at 10.30 
P.M., and the smallest minimum at 3.30 a. m. Hence the two maxi- 
ma occur when the temperature is about the mean of the day, and 
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the minima when it is near the highest and the lowest respectively 
— thus suggesting a connection between the daily barometric oscil- 
lation and the dfdly march of temperature. 

57. The surface of the globe is always divided into a day and 
night hemisphere, separated by a great circle which revolves with 
the sun from east to west in twenty-four hours. These two hemi- 
spheres are in direct contrast to each other in respect of heat, and 
consequently evaporation, which depends on the temperature. 
The hemisphere exposed to the sim is warm, and the hemisphere 
turned in the other direction is cold. Owing to the short time of 
each revolution, the period of greatest heat is not at noon, when 
the sun is in the meridian, but about two or three hours there- 
after ; similarly, the period of greatest cold occurs about four in 
the morning. As the hemisphere under the sun's rays becomes 
heated, the air, expanding upwards and outwards, flows over upofi 
the other hemisphere where the air is colder and denser. There 
thus revolves round the globe from day to day a wave of heat, 
from the crest of which air is constantly flowing towards the meri- 
dian of greatest cold on the opposite side of the globe. 

58. The barometer is influenced to a large extent by the elastic 
force of the vapour of water invisibly suspended in the atmosphere, 
in the same way as it is influenced by the dry air (oxygen and 
nitrogen). But it is probable that the vapour of water exerts a 
pressure on the barometer in another way. Vapour tends to 
diffuse itself equally through the air ; but as the particles of air 
offer an obstruction to the vapour, it is accumulated or pent up in 
the lower stratum of the atmosphere about 9 or 10 A.M., when 
evaporation is most rapid, and, being impeded in its ascent, its 
elastic force is increased by the reaction, and the barometer con- 
sequently rises. When the air falls below the temperature of the 
dew-point, part of its moisture is deposited in dew ; and since 
some time must elapse before the vapour of the upper strata can 
diffuse itself downwards to supply the deficiency, the barometer 
falls — ^most markedly at 10 PJf., when the deposition of dew is 
greatest. 

59. Hence, as regards temperature, the barometer is subject to 
a maximum and minimum pressure each day, — ^the maximum 
occurring near the period of greatest cold, and the minimum near 
the period of greatest heat. And as r^ards vapour in the atmo- 
sphere, the barometer is subject to two maxima and minima of 
pressure — the maxima occurring, the first at 10 a.m., when, owing 
to the rapid evaporation, the accumulation of vapour near the 
surface is greatest ; and the second about sunset, or just before 
dew begins to be deposited, when the absolute amount of vw^ovo. 
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in the atmosphere is greatest ; and the minima in the evening, 
when the deposition of dew is greatest, and before sunrise, 
when evaporation and the absolute quantity of vapour in the 
atmosphere is smallest. 

60. Thus, taking both causes into consideration, the maximum 
in the forenoon may be supposed to be owing to the rapid evapora- 
tion arising from the dryness of the air and the increasing tem- 
perature, together with the overflow of air in the upper regions of 
the atmosphere from the wave of heat which has been going on 
for some hours. But as the vapour becomes more equally diffused 
and the air more saturated, evaporation proceeds more languidly ; 
the air becomes also more expanded by the heat, and tends to 
flow away towards the diurnal wave of cold advancing from the 
eastwards, and the pressure falls to the afternoon minimum. 
From this time the temperature declines, the air approaches more 
nearly the point of saturation, and the pressure being further 
increased by accessions of air from the warm wave, the evening 
maximum is attained. As the deposition of dew proceeds, the air 
becomes drier, the elastic pressure of the vapour is greatly 
diminished, and the pressure falls to a second minimum about 
4 a.m. 

61. If the pressure on the barometer due to that of the aqueous 
vapour of the atmosphere be subtracted from the whole pressure, 
the pressure of the dry air which remains shows the smaller maxi- 
mum and minimum less decided. This peculiarity appears to be 
more strongly marked the farther any place is from the sea and 
the higher the mean temperature — that is, at those places where 
the influence of temperature is most felt and its effects on the 
daily barometric pressure least disturbed by large evaporating 
surfaces, or by moist winds. Thus the smaller maximum and 
minimum are apparent in the curve of dry air at Calcutta ; at St 
Petersburg they are very faintly marked ; whilst at Nertchinsk, 
in Siberia, they have totally disappeared. At Nertchinsk the 
curve of dry air for the mean of July 1861 and 1862 attained the 
maximum 27.050 inches at 5 A.M., whence it feU. steadily to the 
minimum 27.020 inches, and then rose uninterruptedly to the 
maximum. 

62. The amount of the daily barometric variations, as the 
accompanying table will show, diminishes from the equator 
towards either pole, for the obvious reason that they depend, 
directly or indirectly, on the heating power of the sun's rays :— 
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Table showing the Daily Variations and Kange op the 
Barometer in different Latitudes. 





Lit. 


A.li. 


p.li. 


Ravob. 


Xm. 


Max. 


Mnr. 


Max. 


Atlantic Ocean, . 

Pacific Ocean, 

Sierra Leone, 

Lima, . 

Port JjomB, Maaritias, 

Calcutta, 

Rio Janeiro, . 

Pekin, , 

Padua, . 

Great St Bernard, . 

Plymouth, . 

Barnaul, 

St Petersburg, 

Bossekop, 


0.0 

0.0 

8.28 N. 
12.8 S. 
20.10 S. 
22.88 N. 

22.67 S. 

39.68 N. 
46.24 N. 
46.61 N. 
60.21 N. 
63.14 N. 
69.58 N. 
66.68 N. 


Inches. 
—.066 
—.032 
—.022 
—.071 
—.020 
—.021 
—.036 
—.088 
—.004 
-.0X0 
—.007 
—.008 
—.008 
—.007 


Inches. 
+.009 
+.040 
+.082 
+.066 
+.088 
+.061 
+.040 
+.047 
+.012 
+.006 
+.006 
+.016 
+.008 
+.006 


Inches. 
—.046 
—.046 
-.038 
—.067 
—.040 
—.066 

.040 
—.062 
—.014 

.008 
—.010 
—.007 
—.004 
—.002 


Inches. 
+.046 
+.028 
+.081 
+.050 
+.029 
+.017 
+.030 
+.014 
+.007 
+.012 
+.010 
+.006 
+.002 
+.008 


Inches. 
.126 
.086 
.070 
.186 
.078 
.117 
.080 
.099 
.026 
.022 
.020 
.024 
.012 
.018 



Thus, while at the equator the daily fluctuation is 0.125 inch, in 
the south of England it is only a sixth part of that amount. It 
is very small in the high latitudes of St Petersburg and Bosse- 
kop ; and in still higher latitudes, at that period of the year when 
there is no alternation of day and night, the diurnal variation 
probably does not occur. • 

63. Since the whole column of the atmosphere, from the sea- 
level upwards, expands during the heat of the day, thus lifting a 
portion of it above all places at higher levels, it is evident that 
the afternoon minimum at high stations will be less than at lower 
stations, especially when the ascent from the one to the other is 
abrupt. Thus, at Padua, in Italy, the afternoon minimum is 
0.014 inch, but at Great St Bernard it is only 0.003 inch. On the 
other hand, the cooling and consequently condensing of the air 
during the cold of night lowers a portion of the atmosphere below 
the level of St Bernard, and hence its minimum when the tem- 
perature is at the minimum of the day falls 0.010 inch ; whereas 
at Padua the same minimum amounts only to 0.004 inch. 

64. The daily variation is less in winter when the temperature 
is low, than it is in summer, unless when rains in summer occur 
to diminish it. Thus, at St Petersburg, the variation in January 
is only 0.009 inch, whereas in July it is 0.023 inch. At Nert- 
chinsk it is 0.028 inch in January, but in July it is 0.044 inch. 
Bains, as just stated, diminish it ; thus, at Calcutta it is 0.127 
inch, but in the rainy season in July it is only 0.093 inch, and 
these proportions are maintained each year. It will be also observed 
that it is much larger in the dry climate of Nertchinsk than it i& 
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at St Petersburg. In the generally wet climate of Great Britain 
there appears, from Glaisher's Table for Greenwich, to be little 
difference between the winter and the summer months. 

65. The mean pressure at Calcutta of the three Januarys 
(1861-63), as determined by observations made every hour, was 
30.009 inches. At the same place and for the same time, the 
mean at 9 a.m. and 9 p.m. was 30.046 inches. Hence, if observa- 
tions had been made at these hours only, the mean, deduced from 
them, would have been 0.037 inch too high. It is one of the chief 
uses of hourly observations to find from them the corrections for 
range to be applied to observations made at different hours, in 
order to reduce them to the true mean of the day. Such correc- 
tions, when found, serve an important end, especially in tropical 
regions where the daily variation is great ; but they may also be, 
nay, frequently are, applied in cases to which they are not appli- 
cable, thus leading to much confusion. They can be legitimately 
used only in correcting long averages. 

66. Annual Variation, — In so far as concerns the dry air of 
the atmosphere, barometric pressure might be expected to be least 
in the summer and greatest in the winter of each hemisphere. 
But the production of aqueous vapour by evaporation being most 
active in summer, the pressure on the barometer will be increased 
from this cause. As the aqueous vapour is transferred to the 
colder hemisphere it is condensed into rain, and being thereby 
withdrawn from the atmosphere, atmospheric pressure is dimin- 
ished ; but the dry air which the vapour brings with it from the 
warm hemisphere remains, thus tending to increase the pressure. 
The annual variation may be seen by comparing Plates I. and U. 

67. In the neighbourhood of the equator, where temperature 
and moisture differ little in the course of the year, the variation 
in the mean pressure from month to month is small. Thus, at 
Cayenne, the pressure in January is 29.903 inches,* and in July 
29.957 inches. 

68. At Calcutta, 22* 33' N. lat., the pressure is 29.538 inches in 
July, and 30.022 inches in January, thus showing a difference of 
0.484 ; and at Bio de Janeiro, 22" 57' S. lat., it is 29.639 inches in 
January (summer), and 29.897 inches in July (winter), the differ- 
ence being 0.258 inch. The large annual variation at Calcutta is 
caused jointly by the great heat in July, and by the heavy rains 
which accompany the south-west monsoons at this season ; while 
in January the barometer is high, owing to the northerly mon- 
soon, by which the dry cold dense air of the continent is conveyed 
southward over India. 

* None of the following pressures are reduced to sea-level. 
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69. At places where the amount of vapour in the air varies 
little from month to month, but the variations of the temperature 
are great, the difference between the summer and winter pressures 
is very striking. Thus, at Barnaul and Irkutsk, both in Siberia, 
the pressures in July are respectively 29.104 inches and 28.192 
inches, and in January 29.807 inches and 28.777 inches, the 
differences being upwards of six-tenths of an inch. The great 
heat of Siberia during summer causes the air to expand and 
flow away in all directions, and the diminished pressure is not 
compensated for by any material accessions being made to the 
aqueous vapour of the atmosphere ; and, on the other hand, the 
great cold and small rainfall of that region during winter cause 
high pressures to prevail during that season. Tlie same pecu- 
liarity ia seen, though in a modified degree, at Moscow, St 
Petersburg, and Vienna. 

70. At Stykkisholm, in Iceland, the pressure in June is 29.700 
inches, and in January 29.300 inches ; at Sandwick, Orkney, 
29.786 inches and 29.535 inches ; and at Sitka, in what was 
Bussian America, 29.814 inches and 29.551 inches. In all these 
places the distribution of the pressure is just the reverse of what 
obtains in Siberia, being least in winter and greatest in summer. 
The low winter pressures are due to the comparatively high 
winter temperatures causing an outflow towards adjoining coun- 
tries, and to the large amount of moisture in the air, and the 
heavy rainfall which, by setting free the latent heat, still further 
augments and accelerates the outflow by the upper currents. 
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ATMOSPHERIC PBESSUBE, ITS DISTRIBUTION OVER THE GLOBE. 

71. The scientific and practical value of a knowledge of the 
distribution of atmospheric pressure over the globe during the 
different months of the year is evident ; since it is impossible to 
discuss satisfactorily the inquiries which relate to prevailing 
winds, the varying temperature, and the rainfall over the worlc^ 
till the isobaric lines for the months have been drawn. These 
lines may be justly regarded as famishing the key to nearly 
every question of meteorological inquiry. In the charts (Plates 
I., II., and III.) showing the atmospheric pressure over the globe 
for January, July, and the year, the isobaric lines are drawn for 
every tenth of an English inch in the difference of the pressure. 
The lines representing 30 inches of pressure and upwards are 
coloured red, and the lines representing pressures lower than 
30 inches are coloured blue. Thus the red lines show at a glance 
those portions of the globe where the pressure is above the 
average (30 inches). 

72. Mean Atmospheric Pressure for January. — It will 
be seen from Plate I. that the highest pressures in January 
are over the continents of the northern hemisphere, and the 
larger the continental mass, the greater the pressure ; and that 
the lowest pressures are distributed over the northern parts of 
the oceans of the Northern Hemisphere, and over the Antarctic 
Ocean. An extraordinary excess of atmospheric pressure extends 
over Central and Northern Asia, rising in the centre of that 
region to upwards of 30.400 inches. It is here that at this season 
the greatest degree of terrestrial cold known to exist takes place^ 
the mean temperature falling to — 41^4 at Yakutsk, 285 feet 
above the sea. Since the winds on the earth's surface every- 
where flow out of this region, the inference is inevitable that 
the sources of this high mean pressure can only be in upper 
currents flowing towards it and over it from the four regions 
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of low pressure, — flying respectively to the east, the south-east, 
the south, and the west. This area of high barometer is con- 
tinued westward through Europe south of die Baltic, North Sea, 
and the north of Africa; the North Atlantic between 5* and 46° 
lat. ; North America, except the north and north-west ; and the 
Pacific for some distance on each side of latitude 15^ Its breadth, 
as might be expected, is doubled in North America, as compared 
with the Atlantic, and in Asia the breadth is still greater. The 
influence of the Mediterranean, Black, and Caspian seas, which 
are at this season warmer than the surroimding land, in lowering 
the mean winter pressure, and thus breaking the continuity of 
the isobaric line of 30 from the Pacific to the mouth of the river 
Lena in Siberia, is well deserving of attention. 

73. In addition to the antarctic and equatorial depressions, 
there are four areas of diminished pressure : two caused chiefly 
by their high temperature — viz.. South America and South 
Africa ; and the other two by there being vast reservoirs of moist 
air — ^viz., the northern part of the Atlantic, and the northern part 
of the Pacific, and psols of the continents adjoining. In the 
South Atlantic, between the two regions of low pressure, there is 
seen a space of high pressure, which has its origin in the overflow 
of air by the upper currents which set in towards it from the belt 
of calms and from the heated regions of South Africa and South 
America. 

74. Over the North Atlantic there occurs an extensive dimi- 
nution of pressure, which deepens northwards till the greatest 
depression, 29.340, is reached in Iceland. The low pressure of 
this region is due to the saturated state of its atmosphere and to the 
copious rainfall resulting from it. The flow of the Gulf Stream 
north-eastwards through the Atlantic to at least Novaia Zemlia, 
and the large amount of vapour poured into the atmosphere from 
its warmer waters, tend still further to lower the pressure. It is 
this low pressure over the North Atlantic, together with the high 
pressure to the eastward over Asia, which forms the key to the 
winter climates of Europe. Another remarkable depression occurs 
in the North Pacific, having its greatest depression, 29.6 inches, 
in the ocean between Kamtchatka and Sitka, in what was formerly 
Kussian America. The singulamess of this depression consists in 
its close proximity to the high pressure of Siberia. The position 
of the lowest equatorial pressure in the Indian Ocean, which 
determines the region of calms and constant rains, probably does 
not lie parallel to the equator, as might have been expected, but 
slants from Tamatave in Madagascar, 18° S. lat., to the coast of 
Sumatra, in 5° S. lat. It is in this trough that nearly all the 
tropical storms of the Indian Ocean have tkerc otv^tv. 
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75. Mean Atmospheric Pressure for July. — Since, speak- 
ing generally, the same conditions which bring about a low 
atmospheric temperature in winter from the effects of terrestrial 
radiation, also bring about a high atmospheric temperature in 
summer from the effects of solar radiation, we should expect to 
find the 'relation of the two hemispheres to each other reversed, 
in respect of atmospheric pressure in July as compared with Jan- 
uary. An inspection of Plates I. and II. shows that such is the 
case. It will be seen from Plate II., that in July the lowest pres- 
sures are distributed over the continents, and the larger the con- 
tinental mass the greater the depression ; and that the highest 
pressures are distributed over the ocean between 50° N. and 50° 
S. lat. Of these high pressures, the highest occur in those parts 
of the ocean which are most completely enclosed by the continents. 

76. The most extensive of the areas of low pressure is that 
broad tract which extends almost from the Gulf of Guinea in 
a north-easterly direction through Africa and Asia to the north 
of Siberia, reaching the greatest depression, 29.468 inches, near 
Irkutsk. A region of low pressure also occurs in North America. 
The pressure is under the average in the north of South America, 
and thence westward across the Pacific till it join on to the low 
pressure of Southern Asia. Round the north pole, where, at this 
season, the sun never sets, the pressure is also under the average. 
In the Antarctic Ocean the pressure is abnormally low through- 
out the year, with perhaps a slight tendency to an increase in 
winter (July). 

77. There are two areas of high pressure of very unequal 
magnitude. The first includes the eastern part of North America, 
the Atlantic between latitudes 50"* N. and 50° S., the south-west 
of Europe, the west and south of Africa, the greater portion of the 
Indian Ocean, and Australia, from which a belt of about 20° in 
breadth passes eastward across the Pacific and central parts of 
South America, where it joins the high pressure of the South 
Atlantic. The regions of highest pressure occur in the centre of 
the North Atlantic between lat. 25° and 40°, and in the South 
Atlantic between 10° and 35°. In these spaces the pressure 
rises to a maximum of 30.348 inches at 35° N. lat., and to about 
the same height at 20° S. lat. The other region of high pressure 
is comparatively insignificant, stretching from Califomia west- 
ward across the Pacific to probably 170° E. long. 

78. Mean Atmospheric Pressure for the Year. — In Plate 
III., the sums of the influences at work throughout the year in 
increasing or diminishing the weight of the atmosphere, are seen 
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in the areas of liigh and the areas of low mean pressure in dif- 
ferent parts of the globe. There are two regions of high pres- 
sure — the one north and the other south of the equator — 
passing completely roimd the globe as broad belts of high pres- 
sure. They enclose between them the low pressure of the tropics, 
through the centre of which runs a narrower belt of still lower 
pressure, towards which the trade-winds blow. Since these belts 
of high pressure can only be maintained by air flowing in upon 
them in the upper regions of the atmosphere, it is towards these 
belts of high pressure that the upper currents of the air must 
flow. The southern belt of high pressure lies nearly parallel to 
the equator, and is of nearly uniform breadth throughout ; but 
the belt north of the equator has a very irregular outline, and 
great differences in its breadth and in its inclination to the equa- 
tor, — ^these irregularities being due to the unequal distribution of 
land and water in the northern hemisphere. 

79. Considered in a broad sense, there are only three regions 
of low pressure— one round each pole, bounded by, or contained 
within, the belts of high pressure just described, and the equa- 
torial belt of low pressure. The most remarkable of these, in so 
far as it is known, is the region of low pressure surrounding the 
south pole. The depression round the north pole is divided into 
two distinct centres, at each of which a diminution of pressure, 
very much further below the average pressure, prevails. These 
two centres are the north part of the Atlantic and the north part 
of the Pacific Oceans. Their relation to each other, and as parts 
of the great north polar depression, would be better seen if drawn 
on a polar projection of the northern hemisphere. There is a 
smaller area of diminished pressure in Hindostan, which is entirely 
due to the low summer pressure of that region during the summer 
monsoon. 

80. The whole of the above depressions may be regarded as due 
to the presence of an excessive amount of moisture in the atmo- 
sphere. The influence of high temperatures in lowering the mean 
annual pressure over any portion of the earth's surface is small in 
comparison with the depressing influence of the vapour of the 
atmosphere, — ^almost the only instances being the slight depression 
in Central Asia, caused entirely by the summer depression, and 
the lower pressure which prevails over part of Africa and of 
Southern Asia. It may therefore be concluded that the chiep 

DISTURBING INFLUENCES AT WORK IN THE ATMOSPHERE ARE THE 
FORCES CALLED INTO PLAY BY ITS AQUEOUS VAPOUR — thuS giving 

to this element a paramount claim on our regard in studying 
winds, storms, and other atmospheric changes. 
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81. The temperature of the aii is asceTtained by the Ther- 
mometer (Gr. therme, heat, and metron, a measure), iig. 10, 
whicli consista of a small closed glass tube, haviiig 
a bwlb at one end, and partially filled with, mercury 
or spirits of wine. Of these fluids mercury is the 
I best, owing to its uniform eipansion by heat, the 
I readiness with which it indicates changes of tempera- 
I tuie, and the great range of its fluidity. Since mer- 
cury freezes at — 37°.9,* a spirit thermometer must 
be used when tJie temperature falls below this point- 
Spirit thermometers are also of great use for re- 
gistering the greatest cold. Owing to the changes 
to which they are subject, therm.ometer8 should 
occasionally be compared with a standard thermo- 

I meter, or have their freezing-point tested by plung- ' 
ing them in melting ice. 
83. Divigion of Tliermometer &aks.— Before the 
indications of thermometers can be compared with 
each other, it is necessary that there be two fixed 
points on their scales, each of which indicates pre- 
cisely the same temperature. The points which 
have been adopted are the temperature at which 
water freezes, and the temperature at which it boile 
when the barometric pressure is 29.905 inches re- 
duced to 32°. In hotii cases distilled water must 
be used ; for if the water contain salts or other 
rapuritiea, it will freeze and boil at different tem- 
peratures. If the pressure exceed 29.905 inches, 
the temperature of the boiling-point will be higher, 
QJnuB sign a nsed to indicate temperatures which fall below 0°.O 
-.0 of Fahr. scale. 



rig. 10. 
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but if less it will be lower, the proportion being one degree of 
Fabrenlieit for every 0.589 inch of pressure at moderate heights. 
Thus, if the barometer is 28.000 inches, water will boil at 208°.6 
instead of 212°. At Bogota, which is 8727 feet high, the atmo- 
spheric pressure is 22.061 inches, and water boils at 197°.5 ; 
in Mexico, at 7000 feet high^ it boils at 200*^; and at Quito, 
9000 feet, it boils at 194°. 

83. Advantage is taken of this circumstance to measure ap- 
proodmatdy the heights of mountains. The temperature at 
which water boils is observed, from which the pressure of the 
air is deduced, and compared with the pressure observed at the 
same time at some neighbouring place, the height of which is 
known. From the difference of the two pressures the height is 
calculated. An observation should be made at a lower level 
where the height is known before ascending the mountain whose 
height is to be measured, and another observation in descending, 
so that errors arising from fluctuation in the pressure may be 
compensated for. The hour of the day of each observation must 
be noted, so that the correction for daily variation may be 
applied. Casella's hypsometer (Gr. hypsos, height, and metron, 
a measure) is admirably adapted for making Uiese observations 
with the greatest accuracy. 

84. The space on the scale between the two fixed points has 
been divided in different ways. Fahrenheit, a native of Dantzic, 
fixed the zero-point at the greatest cold then known to have 
occurred, in Iceland, supposing that lower temperatures would 
seldom require examination. The space from freezing to boiling 
he divided into 180 equal parts ; and since his zero-point is 32 of 
these parts below freezing, the freezing-point of water is 32°, and 
the boiling-point 212°. This is the scale in common use in 
England and America, and it possesses considerable practical 
advantages over other scales. 

85. Celsius, a professor at Upsal, divided the scale between the 
two fixed points into 100 parts, the freezing-point being zero 
This thermometer is generally called Centigrade, from the 
division of its scale into 100 parts. It is used in France and 
most other Continental countries, and for scientific purposes. 

86. In Heaumur^s thermometer the same space is divided into 
80 parts, the freezing-point being zero. It is in use in Germany 
and Russia, but is being gradually superseded by the Centigrade 
thermometer. 

87. It is often required to convert temperatures expressed in 
the Centigrade or Reaumur^s scale into Fahrenheit's scale, and 
vice versd. Since the space between the two standard pointa 
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is divided in Fahrenheit's thermometer into 180 parts, in 
Centigrade into 100 parts, and in Reaumur^s into 80, the pro- 
portions are — 

F:C::9:5 F:R::9:4, &c. 
Hence, to convert Centigrade degrees to Fahrenheit., we multiply 
them by 9 and divide by 5, and add 32° to the result, because 32® 
on Fahrenheit's scale is the zero of the Centigrade scale ; and to 
convert Fahrenheit into Centigrade, first subtract 32®, multiply 
by 5, and divide by 9. In Table V. the Centigrade thermo- 
meter is compared with Fahrenheit's and Eeaumur's from 122®.0 
to — 41°.8 F. 

88. Self- Registering Thermometers. — The most important tem- 
peratures in their relation to climate and most other inquiries are 
the highest that occur during the day and the lowest that occur 
during the night, to record which, various thermometers have 
been devised, well known as maximum (Lat. maximum, greatest) 
and minimum (Lat. minimum, least) thermometers. 

89. Maximum Thermometers, — ^The maximum thermometers 
generally used are Rutherford's, Phillips's, and Negretti and Zam- 
bra's. RuiherforcP s Maocimum Thermcymeter has a movable steel 
index in the tube above the mercurial column. When the instru- 
ment is in use, it is hung horizontally, and as the temperature 
rises, the mercury pushes the index before it, but as it falls the 
index is left, thus registering the highest temperature. It is set 
by bringing the steel index to the surface of the mercury by 
means of a magnet ; or by simply holding the instrument upright 
so as to allow the index to fall gently down on the mercury, shak- 
ing or tapping it slightly if required. The objection to this ther- 
mometer consists in its liability to go out of order by the index 
oxidising, and then getting plunged into the mercury ; and so 
certain is this to take place in a few years at most, that the instru- 
ment cannot be recommended. The end of the index next the 
mercury may be covered with a coating of glass, by which its 
tendency to oxidisation is prevented. A maximum thermometer 
thus constructed forms perhaps the best that has yet been invented, 
because the index is not easily shaken out of its position, and it 
may be set with a magnet without requiring to be removed from 
the hook to which it is attached, thus lessening the risk of breakage. 

90. In Fhillips*8 Maximum Thermometer, fig. 11, a portion of 
the mercurial column is detached and kept separate from the 
other part by a minute air-bubble. When in position it is hung 
horizontally. As the temperature rises the whole column moves 
along the scale, but when it begins to fall the detached portion is 
left behind at the point to which it had been pushed, tlius r^;i8- 
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tering the greatest heat. This is an excellent thermometer. Care, 
however, should be taken to select one in which the detached 
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Fig. 11. 

portion is about 1^ inch in length ; for if it is longer, its weight 
in the tube makes it easily shaken out of its place ; and if shorter, 
it is so troublesome to set, that in striking it so as to send down 
the detached part to the mercury, the risk of breaking it is con- 
siderable. 

91. In Negretti and ZamhrcHs Maximum ThermomMer, the 
tube is bent at the part of the tube near the bulb, and the bore of 
the tube is contracted at the angle. It is hung horizontally ; 
with a rising temperature the column is pushed along the scale, 
but when the temperature begins to fall, the column of mercury 
breaks at the angle where the bore is narrowed, thus leaving the 
mercury in the tube at the highest point to which it has been 
driven. It is also an excellent thermometer ; but since the 
detached portion of mercury in the tube is always of very con- 
siderable length, and consequently of some weight, it is liable to 
be shaken out of its place. 

92. In selecting a Phillips's, or a Negretti and Zambra's thermo- 
meter for the registration of very high temperatures, such as are 
recorded by thermometer exposed to the sun's rays, care must 
be taken to see that the thermometer registers sufficiently 
high. For these thermometers only register properly up to a 
certain point ; the reason being, that there is almost always a por- 
tion of air, however small, in the top of the column, and hence 
when the mercury has risen to near the top of the tube, and the 
temperature begins to fall, the elastic force of the enclosed air 
pushes back the mercury in the tube, thus causing it to act like 
a common thermometer. If the mercury be heated till it rises 
nearly to the top of the tube, and be then allowed to cool, the 
height to which it registers correctly may be ascertained. 

93. Minimum Thermometers. — RutherforcTs Minimum, ^g, 
12, is the best In this thermometer the fluid used is spirit 
of wine, in which there is immersed a steel index. When in 
use, it is hung horizontally. As the temperature falls, the 
spirit drags the index with it, but when the spirit rises it freely 
passes the index and leaves it lying at the lowest -^q»\s^\a^\£lOql 
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it had been dragged, thus registering the greatest cold. This 
thermometer is set by bringing the index close up to the top of the 
spirit, by raising the bulb end of the instrument, or by a magnet 




Rg. 12. 

94. There are no instruments for meteorological purposes so 
liable to go wrong as spirit thermometers, owing to part of the 
spirit evaporating and settling in the top of the tube. This fre- 
quently happens with spirit thermometers exposed on grass ; 
indeed I have seen them out of order to the extent of 3°, and 
more rarely 8^, or upwards. Such thermometers ought therefore 
to be frequently examined, to ascertain whether any of the fluid 
has lodged in the top of the tube. This remark applies also to 
spirit thermometers exposed for common purposes outside win- 
dows, which if not frequently examined will get so deranged as to 
indicate a cold 12°, or more, too great. Spirit thermometers kept 
in the shade are also liable to the same derangement, but to a 
much less degree, since they are better protected from great heat. 
Generally the quantity of spirit evaporated is small, though some- 
times it amounts to a degree or more. Special attention should 
be given to this point, since it is by the temperatures recorded by 
these thermometers that one of the chief elements of climate is 
determined. 

95. Uow to Unite the Broken Column of Spirit Thermometers, 
— Spirit thermometers may be easily set right when the column 
of spirit chances to separate. Let the thermometer be ta,ken in 
the hand by the end farthest from the bulb, raised above the 
head, and then forcibly swung down towards the feet ; the object 
being, on the principle of centrifugal force, to send down the 
detached portion of spirit till it unites with the column. A few 
throws or swinging strokes will generally be sufficient, after which 
the thermometer should be placed in a slanting position, to allow 
the portion of the spirit still adhering to the sides of the tube to 
drain down to the column. But another method must be adopted 
if the portion of spirit in the top of the tube be small. Heat should 
then be applied slowly and cautiously to the end of the tube where 
the detached portion of spirit is lodged ; this being turned into 
vapour by the heat, will condense on the surface of the unbroken 
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column of spirit. The heat must not be too quickly applied, for 
if this be done the tube will break and the instrument be de- 
stroyed. The best and safest way to apply the requisite amount 
of heat is to bring the end of the tube slowly down towards a 
minute flame from a gas burner ; or if gas is not to be had, a piece 
of heated metal, such as a poker, will serve the purpose. 

96. It is evident that if mercurial minimum thermometers were 
constructed, this source of error would be obviated. Great and 
partially successful e£Forts have been made to supply this desider- 
atum. The Mercurial Minimum Thermcmieter of Casella may be 
referred to as a triumph of science and glass-blowing. It is, how- 
ever, usually too sensitive, and the mercury too easily shaken 
along the tube, to be recommended for general use, — some of 
them being so delicately adjusted that the greatest care and most 
expert manipulation is required to work them. Hence the best 
minimum thermometers are spirit thermometers, for they really 
leave nothing to be desired if only the most ordinary vigilance be 
exercised in putting them right when the column happens to 
separate. 

97. In Six^s Maximum and Minimum Thermometer, both 
are combined in one column ; but this composite instrument is 
inferior to the ordinary maximum and minimum thermometers 
which are separate instruments. This is particularly apparent 
in registering extreme temperatures of short duration, because the 
tube is filled with two fluids, mercury and spirit, which expand 
unequally, owing to their different capacities for heat. 

98. No thermometer ought to be used which has not been pre- 
viously compared with some Standard Thermometer, so that its 
errors, if any, at the different points of the scale, may be ascer- 
tained. This is the more necessary in purchasing cheap instru- 
ments, which are not unfrequently from 1® to 3° wrong. 

99. Box for Thermometers, — In order to ascertain the tem- 
perature of the air, it is necessary that thermometers be protected 
from the direct and reflected rays of the sun, and at the same 
time have the benefit of a free circulation of air. No possible 
arrangement can completely fulfil both these conditions. For 
if they be completely protected from solar radiation, the circu- 
lation of the air must be xmduly interfered with ; and if the 
circulation of the air be quite unimpeded, the thermometers are 
unduly exposed to radiation. All, therefore, that can be secured 
is a compromise between protection and circulation. The best 
and cheapest contrivance yet devised to meet these requirements 
is the Louvre-Boarded Box for Thermometers^ constructed by 
Mr Thomas Stevenson, C.E., Edinburgh, and now lai^el^ ^m^^mI 
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I17 the obaervera of the Scottish Meteorolc^cal Society, and other 
meteorologists. A figure of tlie box, fig. 13, is here given, wiih 




Fig. 18. 

the door let down to show the hanging of the thermometew 
inside. Fig. 14 shows the simple and ingenious method by which 
the louvre-boanls are fixed. 

100. The box is screwed to four posts firmly fixed in the 
ground, and these poets and the box itself 
are painted whit«, — the colour which absorbs 
least of the sun's heat. The posts are of such 
> a length that when the miDimum thermom- 
eter is hung in its place it is exactly four feet 
' from the ground. This height is an essential 
point in the arrangements of the obeerratory, 
' owing to the very great differences which fre- 
quently obtain between the temperature of 
■ the air at a height of /our feet, as compared 
with the temperature at the surface of the 
^- !*■ earth, and at intermediate pointa. 

iOl, fiacing of the ThermomOtr-Box.—'ihB box should be 
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placed at some distance from walls or other objects ; in an open 
space ; and over old grass to which the sun has free access during 
the greater part of the day. If it be placed on the north side or 
walls or buildings, the thermometers do not indicate a sufficiently- 
high day temperature nor a sufficiently low night temperature ; 
or a sufficiently high summer temperature, or a sufficiently low 
winter temperature. In other words, the wall acts as a refrigerator 
when the sun is heating the air during the day and during 
summer; and is a source of heat when the temperature falls 
during the night and in winter. Hence the daily range of tem- 
perature indicated by thermometers so placed is always small ; 
and, what is more serious, since the range and the daily march 
of the curve of temperature differ with the nature of the buildings 
against which they are placed, xmiformity is not secured. If the 
box be placed over black soil, which is more highly heated during 
day, and cooled to a greater degree during night than grass, the 
maximum temperature will be too high, and the minimum too low. 

102. Directions for taking Observations toith the Tliermometers. 
— ^Having let down the lid of the box as in fig. 13, the chief thing 
to attend to is, to take all the observations before touching one of 
the instruments. The dry and wet bulbs of the hygrometer are 
to be read first, so that their temperature may not be afiected by 
the heat of the person standing near them. The minimum ther- 
mometer is read by noting down the degree on the scale at which 
the end of the index farthest from the bulb is lying. Beginners 
sometimes " read off " the degree at which the top of the column 
of spirit happens to be at the time, which is not the lowest tem- 
perature that has occurred during the night, but the temperature 
at the time of observation. The maximum thermometer is read 
by noting the degree at which the end of the index next the bulb 
is lying, if it is Rutherford's maximum ; but in the case of the 
other two maximum thermometers described above, the reading 
is taken from the point on the scale at which the end of the 
mercury furthest from the bulb is lying. When this is done the 
maximum and minimum thermometers should be " set " as already 
explained, and the box then closed. 

103. Mean Daily Temperature. — If the thermometer be ob- 
served once every hour, or twenty-four times a-day, and the sum of 
the observations be divided by 24, we shall obtain the mean tem- 
perature of that day. Observations of this nature, extending over 
considerable periods, have been made at Leith, Rothesay, Green- 
wich, Rome, Calcutta, Madras, Bombay, St Helena, Toronto, Mel- 
bourne, several places in the Russian Empire, and in other parts 
of the world, and the hourly means for each month have been 
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calculated and published. These tables show that there are two 
times in the day when the temperature is at the mean, occurring 
generally in winter between 9 and 10 in the morning, and between 
9 and 10 in the evening, and in summer about an hour earlier. 

104 It might have been supposed that the daily minimum 
temperature would have occurred at the rising of the sun, or just 
before its rays had begun to heat the air ; but observations are 
unanimous in showing that the minimum happens some time 
before the sun rises. Within the tropics, and in temperate regions 
during summer, it occurs about half an hour before sunrise ; but 
in temperate regions during winter generally two hours, and at 
some places as much as three hours, before sunrise. 

105. Within the tropics, and in temperate regions during 
winter — in other words, where the daily range of temperature is 
small — the daily maximum temperature occurs about an hour 
and a half after the sim has passed the meridian at noon. But in 
temperate climates during summer the maximum does not take 
place till from 2.30 p.m. to 3.30. p.m. 

106. To this general law of the time of its occurrence there are 
several interesting exceptions. At many places in tropical coun- 
tries it occurs about noon, or sometimes a little earlier, when the 
temperature at the coast is lowered by the sea-breeze, which 
begins to blow before noon ; and during the rainy season the tem- 
perature at this hour is still further lowered by the clouds which 
then begin to overspread the sky. At the Hospice of the Great 
St Bernard, 8130 feet above the sea, the daily maximum tem- 
perature occurs within an hour after twelve o'clock. The air 
being comparatively rare at this great height, the effects of solar 
and terrestrial radiation are more immediately felt than at lower 
levels. Hence, though the heat received by bodies exposed to 
the direct rays of the sim at noon is very great, yet the dispersion 
of the heat by terrestrial radiation is so rapid that in an hour 
after the sun has passed the meridian, the temperature of the air 
begins to fall. At the Great St Bernard, at 3.30 pjf., the tem- 
perature is 1°.0 lower than it is about noon, whereas at lower 
situations it is from 1°.6 to 2°.0 higher. 

107. Sir David Briewster investigated the hourly observations 
at three Scottish stations, and drew interesting and important 
conclusions from them. By dividing the mean annual curve of 
daily temperature into four portions, at the points representing 
the two daily means and the two extremes, he found that the 
four portions have a striking similarity to parabolas, calculated on 
the supposition of the temperatures being the abscissae of parabolas, 
and the hours the ordinates. The coincidence between the ob- 
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served and calculated results is so remarkable that the calculated 
parabolic temperatures never differ from the real temperatures 
more than one quarter of a degree of Fahrenheit. 

108. He also established a most important modification of the law 
of the daily march of temperature, consequent on the form of the 
visible horizon at the place of observation. If a hill rises to the 
north of the place, by which the sun's rays are never obstructed, 
it has little or no influence on the thermometer ; but if one 
or more hills obstruct the sun's rays after it has risen above the 
true horizon, that obstruction affects the temperature at the place 
of observation at the hours corresponding with the azimuth of 
the hill. Thus, owing to the hills which break the horizon at 
Rothesay, the observed temperatures fall short of the calculated 
temperatures to the extent of O'.SS at 10 A.M., and 0°.43 at 5 p.m. ; 
whereas at Leith and Inverness, where the horizon is open, the 
observed and calculated temperatures do not differ so much as 
0°.25 at any hour. 

109. It is a singular coincidence that the means of observations 
of hours of the same name, such as 8 A.M. and 8 p.m., 9 a.m. and 9 
P.M., 10 A.M. and 10 p.m., &c. — do not differ much from the mean 
of the day. The hours which come nearest the mean are the fol- 
lowing : 9 A.M. and 9 P.M., 10 A.M. and 10 P.M., 3 A.M. and 3 p.m., 
and 4 a.m. and 4 p.m. The mean of four hours at equal intervals 
gives a result still nearer the true mean. 

110. Best Hours for Observation, — Hence the best hours for 
making observations are the following, the convenience of observ- 
ers being considered : For two observations, 9 A.M. and 9 p.m. ; 
for four observations, 3 A.M., 9 A.M., 3 p.m., and 9 P.M., or an hour 
later in all these cases is nearly as suitable. For certain practical 
purposes, when only two or three observations can be made daily, 
and where there are no maximum and minimum thermometers, it 
is most desirable to include an observation at 3 p.m., when the 
temperature is near the maximum of the day. 

111. An important use of maximum and minimum temperatures 
arises from their relation to mean temperature, which may be as- 
sumed to be the mean of the twenty-four daily observations. I have 
compared these for a considerable number of places over the globe 
where such double series of observations have been simultaneously 
made, and have found that the mean temperature deduced from 
the mean of maximum and minimum observations is generally 
about half a degree above the true mean. So uniform on the 
whole is this difference, that it may be accepted as the rule, unless 
where it is modified by peculiar changes of climate in different 
seasons and locaKties. 
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113. It is from the Tagae «nd unceitain nmnii^ attached to 
the phrase auan ttnmperahirty that not a few wnteis of Ix)cal Cli- 
matologies are led to claim forparticiilar wateiing-placeaa general 
amenity or mildness of climate over other sanatoday which has no 
existence in fact. It is not br their excess ol mean temperatoiey 
but by their situation and local sonoimdings^ that oar principal 
British sanatoria have their repate^ Thus, Bridge of Allan owes 
its celebrity not to any difference in its mean temperature, which 
doubtless is the same as that of the district around it, but to the 
well-wooded heights behind it. sh^tering it from the east winds, 
and to the sloping nature of the ground on which it is built. 
From its sheltered position^ the cast wind passes oTer it aft a re- 
duced rate and force, and there being consequently less evapora- 
tiout our Kxlies are depm-ed of less heat, and thus the sensation 
of grx^ater warmth which we feel i» a reality. Again, being built 
1^ ri^ug ground* the ccdd air flows down to the ralley below it, so 
that exoessive cold rarely occurs. Yentnor, in the Isle of Wight, 
)H>sse«»es similar a^lrantages in the protection afforded by the 
Uudercliff* and in its proxtmity to the sea« towards which its cold 
heavy air flows^ and Wiitg there counteracted by the higher tem- 
IH'rature of the sea. low temperatures rarely occur. These advan- 
tag^v^ not only giv* greater ^^ility for open-air exerdse, but by 
offeriug, to a gre*t extent, protection from the hurtful effect of the 
wt^iither mvx*t trviug to invalids— rix., east wind% and the seyere 
\Hxlvl of winter— ^jure fiur more to be priied than would be an an- 
nual lK^m|vratur>^ several degrees higher. 

Ua. IWiHT o/ ^jrtnme IVfli|7eni/>fn?^--Self-r^;istering ther- 
)Uv>iuoterti are of gre<at value in recording the extreme tonperatures, 
wUioh» in reference to their effects on he&Lch and v^etation, must 
W iv^urvUsl a» the nuxs^t imi>ortant elements of dimatCL The sub- 
jM of extreu^e tetti|vratures is one of paramount impoiiance, espe- 
cii^l^Y wherv the transitions v\f temperature are sudden and violent 
lu the uoi^th^w^^^^ |>aHsof the United States of America the tem- 
iHrtttuvx^ iu *ixri^^g vilten rises to {?3* during the dar, and frJls to 
tW#u^* duru^ the night. Under such a cUmate the Tital func- 

^*T 1 ^ I ^^^^'^ ^^^ ^^^^^'^ ^^ ^^i^*^ aK?und in sap, are eaUed into 
HOtWv^Y duni^ the d^v ; but the sap being froien dnring the 
uiKh . ho vxv^^U .vntaiuiug it ar^ ruptured by expansion, and the 

£m ouhlv^'^^^^^^^^^^* ^ ^ ^"^^<- inju^tibat its sue- 
Z il r\r -''''' ^^"^^^^^ l>recark>us and uncertain. The same 

rr I i: ?^^^ "^^^^ ^^'^^ ^^^ '^^'^ *^ ^^^^"^ ii^blegrada. 
^lU^/^u^w» 7'^''"^ everywhere de^rable to arriye aft aome 
yWUWs^ kuv^wUslgvv ^ u. ^j,^ jxrol^bility of occurrence of certain 
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extreme temperatures that may take place in the different seasons, 
and this can only he done by observations of extremes carefully 
made and recorded from day to day. 

114. Importance of resolving Mean Temperature into the 
Extremes which compose it, — Every mean temperature may be con- 
sidered as a composite element, made up of the mean temperature 
of the day and the mean temperature of the night. Hence the same 
mean temperature often stands for two things essentially different. 
Thus, Madrid in the centre of Spain, and Mentone on the Gulf of 
Genoa, had the same mean temperature of 72'*.8 during September 
1865. But the climates of the two places were widely different ; 
for the temperature at Madrid during the warmest period of the 
day was on an average 86**.2, whereas at Mentone it was only 77*.6 ; 
and during the coldest period of the night the temperature was 
59°. 5 at Madrid, whilst at Mentone it was as high as GS**.©. 

115. Again, in the same country and in the same month, but in 
different years, the same mean temperature, when resolved into the 
extremes that compose it, represents very different things. Thus, 
the mean temperature of Scotland in August 1860 was 54°.4, and 
in the same month of 1864 it was also 54''.4 ; but in 1860 the mean 
of the highest day temperatures was 60°.8, whilst in 1864 it was 
62°. 5. This higher day temperature in 1864 was the chief cause 
of the productive harvest of that year, and the lower day tempera- 
ture of 1860 was the chief cause of that year's deficient harvest, 
and yet the mean temperature of both years was the same. Thus, 
in considering the relations of mean temperature to health or to 
agriculture, it is most essential to know the separate elements 
which compose it 

116. Range of Temperature. — This points out the importance of 
considering the daily range of temperature, or the difference be- 
tween the extreme day and night temperatures. Everywhere the 
range of temperature is least in winter, augments rapidly in March 
and April, reaches the maximum in May or June, continues high 
during summer, and diminishes rapidly in October and November 
to the minimum in the winter months. As regards climates, it is 
least in wet climates, and in the tropics and polar regions ; and 
greatest in dry climates and in temperate countries. Hence it is 
less in Ireland than in Scotland, greater in England than in both 
these countries, and still greater on the continent of Europe. In 
Shetland, Orkney, and the Hebrides, whose climates are perhaps 
the most strictly insular in Europe, the summer range is only 
about lO** ; on the west of Great Britain it rises to 12° and 14° ; 
in the central districts to 15° ; and in the south to 20°. At Paris, 
Utrecht, Vienna, and other places on the Continent, the range is 
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still higher. In the dry climate of Jerusalem, in Syria, it amounts 
to a mean of 22°.5 from May to October inclusive, and during 
October 1865 the mean was 24°. 6 ; in the still drier climate of 
Madrid a range of 27°, and in one month 31° was observed in 
1865. A similar high range is frequently recorded in the Russian 
and Siberian steppes. At Trivandrum, in Southern India, during 
the dry season in January, the daily range is about 17°, but during 
the rainy season in July it is only half that amount. The greatest 
differences among the months, as compared with each other, are 
observed in the polar regions. Thus, in Spitzbergen and Boothia 
Felix the range in winter varies from 1° to 0° ; in May, when the 
sun has reappeared and continues to rise and set, it is about 14° ; 
but in July, when the sun does not set, the range is only 10°. 

117. In comparing climates there is not a more misleading ele- 
ment than range, if the different circumstances under which the 
range has been obtained be not taken into consideration. Thus, 
in the above instances the term has been employed to signify the 
difference between the mean of the maximum and the mean of the 
minimum temperatures at whatever hour these may chance to 
happen from day to day. This is the true daily range of tempera- 
ture. In some books, however, the daily range of temperature 
means the difference between the mean of the coldest and the 
mean of the warmest of the twenty-four hours, and is therefore 
always less than the former. 

118. Again, the amount of the range depends to a great extent 
on the degree to which the thermometers are protected from, or 
exposed to, direct or indirect radiation, and also to their height 
above the ground. For if the louvre-boarded box containing the 
thermometers be placed behind a wall to which the sun has little 
or no access, the range will be several degrees less than in an open 
situation on which the sun shines during most of the day — that is, 
of the district where the observations are made ; the range will be 
greater in a hollow than on a knoll ; greater over a soil of sand 
than of loam ; greater over black earth than over grass ; greater 
over long grass than over short grass ; greater with, than without, 
a proper ventilation to the box ; greater the more the louvre-boards 
are apart ; greater if the box be always kept open to the north 
than if louvre-boarded all round ; and greater the nearer the ther- 
mometers are to the ground. Hence the extreme desirableness of 
uniformity of observing in all parts of the world. On considering 
these different conditions under which temperature may be ob- 
served, it is evident that if any of the above conditions were 
adopted as a standard the results could not be comparable. The 
arrangement least open to objection is that already recommended 
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in par. 99 to 101, which has the great merit of bemg easily carried 
out in all places. 

119. The most important question in connection with low tem- 
perature is the occurrence of frost Both to the farmer and to the 
physician it is of the utmost moment to know how often and with 
what severity frost may be expected to occur, and when for all 
practical purposes it ceases to occur, or happens so seldom as to 
cause no alarm, and call for no precaution on the part of those 
whose interests may he affected by it It is pretty generally be- 
lieved, that if the temperature fall below 40°, the growth of vege- 
tation is arrested during the next day. Hence an inquiry into the 
occurrence of this temperature and its effects would lead to valu- 
able results. On the other hand, the question to be inquired into, 
in an investigation of high temperatures as affecting agriculture, 
is not so much injury received as advantage gained by their occur- 
rence. The growth and maturing of crops depend chiefly on the 
heat they receive from the sun. And in countries such as Scot- 
land, whose mean summer temperature but barely exceeds the 
minimum heat required for the proper ripening of the staple 
objects of agriculture, the inquiry becomes invested vrith a pecu- 
liar interest, especially in exami n ing places and localities differing 
in latitude, proximity to the sea, exposure, and elevation. As 
regards Great Britain, if the day temperature rises occasionally to 
65°, the degree of heat thus received by the grain crops may be 
looked upon as sufficient for their growth up to the period of 
flowering ; but after this a higher temperature is required, and a 
frequent day temperature of 70° is necessary to produce the finer 
qualities of wheat and barley. For other countries different tem- 
peratures would require to be investigated — namely, those essen- 
tial to the successful cultivation of their staple products. 

120. In order to render tables of this description practically as 
well as popularly useful, the occurrence of the critical temperatures 
should ])e given separately for every week of the year. In this 
way a storehouse of the most valuable information would be col- 
lected, by vj^hich agriculturists might ai-rive at a knowledge of the 
character of the climate they have to deal with ; and by which 
physicians might reason with more certainty than at present re- 
garding the spread of diseases, the rates of mortality peculiar to 
different countries, and the places to which invalids may be sent, 
so as to secure the greatest safety or receive the greatest advan- 
tage that can be procured from a change of climate. 
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CHAPTEE V. 



TEMPERATdBS — SOLAR AND TERRESTRIAL RADIATION. 

121. The interchange of temperature among bodies takes place 
by conduction, convection, and radiation. The communication of 
heat by conduction (Lat. conductio, a bringing together) proceeds 
from particle to. particle, and implies contact with, or very near 
approach to, a hotter body. As a class, metals are the best con- 
ductors ; solids are better conductors than liquids ; and liquids 
better than gases, which are thus the worst conductors. 

122. The most important illustrations of conduction in meteoro- 
logy, are the propagation of the changes of temperature down- 
wards through the earth's strata, from the surface, as it is heated 
during the day or cooled during the night ; and the commimica- 
tion of the same changes of temperature to the lowest stratum of 
the atmosphere which rests on the surface. Dense soils, or soils 
having their particles closely packed together, are much better 
conductors of heat than loose porous soils, because the latter im- 
prison large quantities of air in the interstices between the par- 
ticles, thus diminishing the conducting power of the soil. In 
accordance with this, light loose soils are subject to higher tem- 
peratures, and to a greater degree of frost, near the surface, than 
dense heavy soils ; but, on the other hand, frosts and extreme 
temperatures do not penetrate so far down into light soils as into 
heavy soils. In Scotland, for a period of nine years, the tempera- 
ture at three inches below the surface fell to 26''.5 in loose sandy 
soils, and at a depth of twelve inches the freezing-point was only 
once observed. But in clay soils, at three inches the lowest was 
28®, whilst at twelve inches the temperature often fell to freez- 
ing ; and even at twenty-two inches, in clay soils, 32° was once 
recorded. 

123. Damp air is a much better conductor of heat than dry air. 
Damp air consequently feels colder than dry air of the same tem- 
perature, in the same way as a marble mantelpiece feels colder 
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than the carpet, though both be at the same temperature, because 
the heat is conveyed away from our bodies more rapidly. At the 
breaking up of the great frost which prevailed in Great Britain in 
December 1860, when the temperature had risen to 32°, and the 
air become moister, the weather felt more disagreeably chilly 
than when the temperature was below zero, or from 30** to 40® 
lower. 

124 Snow being composed of crystals, which have a large 
quantity of air entangled among their interstices, is on this 
account one of the worst conductors of heat. Hence it protects 
the soil in winter in two ways — (1) It prevents the escape of heat 
from the earth to the air ; and (2) it sets a limit to the depth to 
which severe frosts penetrate, thus protecting the roots of plants 
from injury. 

125. Though fluids and gases are bad conductors of heat, yet 
they may be quickly heated by a process of circulation of their 
particles which is called convection (Lat. c<mvectio, a carrying). 
When heat is applied to the bottom of a vessel containing water, 
the particles at the bottom become lighter and rise to the surface, 
and other particles descend to take their place. Two currents 
are thus formed, the hotter ascending through the centre of the 
vessel, and the colder flowing down the sides. This circulation 
continues until the whole of the water attains the same tem- 
perature. 

126. The communication of heat by convection is seen on the 
most extensive scale over the globe in the winds and in the cur- 
rents of the ocean. It is seen in the ascending and descending 
currents of the atmosphere everywhere, which are caused by the 
daily changes of temperature of the surface of the earth ; for when 
the surface is heated by the sun, the air immediately resting on 
it becomes heated and ascends, and colder particles descend to 
occupy its place. Under the tropics the air becomes highly 
heated, ascends, and flows off towards the poles, whilst colder 
currents flow towards the equator. The great and beneficial 
effect resulting from aerial and oceanic currents is a more equal 
distribution of temperature, thereby mitigating the rigours of 
the polar regions, and moderating the scorching heat of the 
tropics. 

127. An interchange of heat is constantly going on among 
bodies freely exposed to each other, whether their temperature be 
the same as, or different from, that of the bodies which surround 
them. If we stand before a fire we feel the influence of its heat, 
though standing at some distance from it. This mode by which 
heat is communicated is called radiation (Lat. radius^ a rayV 
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Badiant heat proceeds in straight lines, which diverge in all 
directions from the sojirce, is only to a limited extent affected by 
the air through which it passes, and is not diverted from its 
straight course by the wind. Its intensity is proportioned to the 
temperature of the source, is inversely as the square of the dis- 
tance from the source, and is greater according to the degree of 
inclination of the surface on which the rays falL 

128. If a body be placed in the presence of other bodies, some 
colder and some hotter than itself it will from this mutual inter- 
change of temperature receive more heat from the hotter bodies 
than it radiates to them, and thus become warmer ; but it will 
receive less heat from the colder bodies than it radiates to them, 
and its temperature will consequently falL This is the condition 
in which the earth is placed. "When its surface is turned towards 
the sun, it receives more heat than is radiated from it ; but when 
it is turned from the sun towards the cold regions of space, it 
gives out more heat than it receives. These two conditions under 
which the earth is placed are so essentially distinct that the sub- 
ject of radiation falls naturally imder two heads — ^viz., solar radia- 
tion and terrestrial radiation, 

129. Solar Radiation. — (1.) On Land. — Of the solar (Lat. 
sol, the Sim) heat which arrives at the surface of the earth, that 
part which falls on land may be regarded as wholly absorbed by 
the thin superficial layer exposed to the heating rays ; and since 
there is no mobility in the particles of the land, the heat can be 
commimicated downward only by conduction. While the tem- 
perature of the surface increases, a wave of heat continues to be 
propagated downward through the soil. The intensity of the 
daily wave of temperature rapidly diminishes with the depth — 
the rate of diminution depending on the conducting power of the 
soil — until at about four feet from the surface it ceases to be per- 
ceptible. 

130. In considering the influence of the solar heat on the tem- 
perature of the air, it is the temperature of the extreme upper layer 
of the surface which requires almost exclusively to be attended to, 
seeing it is chiefly by contact with the surface that the temperature 
of the air rises or falls. Badly-conducting surfaces have the greatest 
influence in raising the temperature of the air. For this reason, 
and on account of the absence of vegetation by which part of the 
heat would be spent in vaporising the sap, the surface temperature 
of the sandy deserts of the tropics frequently rises to 120°, 140", 
and, more rarely, to 200". When these hot particles of dust are 
lifted into the air by the winds, the temperature of the air itself 
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. has been known to rise to 125° in the shade ; and it is this which 
gives the sirocco and simoom of the desert their dreaded name. 
It is in the deserts of Africa, Arabia, Persia, and the Punjab, 
where the highest temperature on the globe occurs, the mean 
summer temperature of these regions ranging between 92° and 
95°. The surface of loam and clay soils is not heated in so high 
a degree as sandy soils, and the surface of rocks to a less degree, 
because, being better conductors, the heat is not left to accumulate 
on the surface, but is more quickly conveyed downwards. 

131. When the ground is covered with vegetation, the whole of 
the solar heat falls on the vegetable covering ; and as none of it 
falls directly on the soil, its temperature does not rise so high as 
that of land without any covering to protect it. The temperature 
of plants exposed to the sun's rays is not so high as that of the 
soil imder the same circumstances, partly because a portion of the 
solar heat is lost in the process of evaporation from the pores of 
the plants, and partly because the heat does not accumulate on 
the surface of the plants as it does on the soiL For the leaves 
being thin, and the greater part of their substance being on that 
accoimt in immediate contact with the air which envelops them, 
they are quickly robbed of their heat ; and the heated air, being 
lighter, constantly flows away and gives place to colder air. 
Hence one chief difference between the climates of two countries, 
the one covered with vegetation and the other not, lies in this, 
that the heat is more distributed over the twenty-four hours in 
the former case, and is therefore less intense during the warmest 
part of the day. 

132. InJltLeiice of Forests on Climate. — The effect of vegetation 
in changing the hours of the distribution of the highest and lowest 
daily temperatures is most strikingly exemplified in the case of 
forests. Trees are, like other bodies, heated and cooled by solar 
and terrestrial radiation. They do not, however, acquire their 
maximum temperature till a little after sunset. This occurs in 
summer at 9 P.M., while the maximum temperature of the air 
occurs between 2 and 3 p.m. Hence trees may be regarded as 
reservoirs in which the heat of the day is stored up against the 
cold of the night. Changes of temperature take place very slowly 
in the tree, but in the air they are more rapid. From this it. 
follows that the influence of forests on the daily temperature is to 
make the nights warmer and the days colder, — ^in other words, 
they communicate to the climate of countries clad with trees 
something of the character of insular climates. Evaporation goes 
on slowly from the damp ground usually found imder trees, being 
screened by them from the sun*s heat. But since the air among 

D 
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the trees is little agitated or put into circulation by the wind, the 
vapour which arises from the soil is mostly left to accumulate 
above it among the trees. Hence it is probable that forests dimi- 
nish the evaporation but increase the humidity of climates. It 
also follows that forests keep the summer temperature lower and 
maintain the winter temperature higher than it would otherwise be. 
This enables us to understand how forests may increase the rainfall. 
For suppose an extensive forest to have its temperature 2° lower 
than that of the surrounding district, this lower temperature will 
affect the rain-bringing winds in much the same way as if a low 
range of hills opposed their course, and condensed their vapour 
into rain. In two large districts, one wooded and the other bare, 
the distribution of the rainfall during the months of the year 
and during the hours of the day may be expected to differ ma- 
terially from each other. 

133. The valley of Aragua, in Venezuela, is shut in on all 
sides, and the rivers which water it, having no outlet to the sea, 
unite and form Lake Tacarigua. This lake during the last thirty 
years of the past century showed a gradual drying up, for which 
no cause could be assigned. In the beginning of the present 
century the valley became the theatre of deadly feuds during the 
war of independence, which lasted twenty-two years. During 
that time, land remained imcultivated, and forests, which grow 
so rapidly in the tropics, soon covered a great part of the coimtry. 
In 1822 Boussingault observed that the waters of the lake had 
risen, and that much land formerly cultivated was at that time 
imder water. The drying up of the river Scamander in the Troad, 
and the contracting of the Euphrates in its channel, may be 
referred to as illustrations of the same effect of the cutting down 
of forests, and of diminished vegetation. 

134. (2.) On Water. — ^When the sim's heat falls on water, it is 
not, as in the case of land, arrested at the surface, but penetrates 
to a considerable depth ; and, since water is a bad conductor, the 
heat cannot penetrate lower down by conduction as it does through 
land, but can only be communicated by the agitation caused by 
currents or winds. Thus the heat received daily by the ocean 
from the sun is diffused through a considerable depth. 

135. Specific ReaJt of Water in relation to Climate, — The 
specific (French, sp^fi>qui) heat of a substance is the number of 
units of heat required to raise the temperature of one pound of it 
by one degree. For example, the same amount of heat that will 
raise one pound of water one degree will raise one poimd of mer- 
cury 33®. If therefore we call the specific heat of water 1000, the 
specific heat of mercury is only 33. Of all known substances 
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water has the greatest specific heat. As compared with the 
specific heat of the soil and rocks which compose the earth's 
crust, water is in the proportion of about 4 to 1. It follows that 
the surface of the sea cannot be raised to nearly the same degree 
of heat by the sun's rays as that of the land ; and that when the 
temperature is falling the sea cools much more slowly than the 
land. Thus, while the surface temperature of the soil has been 
frequently observed to be as high as 140°, the surface of the sea 
has in only a few instances been observed to exceed 85^ It is to 
the great specific heat of water that the enormous effects of the 
ocean in modifying climate are due. 

136. The instrument used in observing the temperature of the 
surface is a Maximum Black-hulh Thermometerf which is an or- 
dinary maximum thermometer, having its bulb covered with a 
thin coating of lamp-black, and quite exposed to the sun and air. 
It should be placed horizontally over short grass, so near the 
ground as just to be above the grass, and in such a position that 
the sun may shine directly on the bulb for as large a portion of 
the day as possible. This is best done by making the bulb pro- 
ject a little beyond the framework of the thermometer, and point 
directly to the sun at twelve o'clock. It is only by attending 
to such directions as these that any tolerable uniformity can be 
obtained among black-bulb observations. Observations do not 
admit of comparison where the exposure and duration of exposure 
of the bulbs of the thermometers to the sun, their height above 
the surface, and the character of the surface, are different. Blach- 
huJh thermometers enclosed in thin glass tubes, hermetically 
sealed, are also used by meteorologists. 

137. Terrestrial Radiation. — Since the mean temperature 
of the earth remains practically the same, it is evident that the 
earth must part with the enormous quantity of heat which is 
poured on it from the sun from day to day. It is by terrestrial 
(Lat, terrOy the earth) radiation, or by radiation from the earth into 
space, that the earth parts with this heat, — a process which goes 
on by day as well as by night. During the day the heat radiated 
from the earth is less than that received from the sun, and as 
long as this continues the temperature rises. But as the sun sinks 
near the horizon, its beams fall more aslant, and less- heat begins to 
be received by solar than is given off by terrestrial radiation. For a 
time the loss thus sustained by the surface temperature is com- 
pensated for by heat rising to the surface from the heated strata 
immediately below it ; but this continues only for a short time, 
because the escape of heat by radiation is much moT^ q«k.\.\:^^'*Cqs&5i 
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the propagation of heat by conduction. As soon, then, as the 
radiation from the surface exceeds all sources of supply, the tem- 
perature begins to fall, and continues to do so till it is arrested, or 
till the sun again returns. Since, then, during night, and during 
the winter, the cooling of the air is brought about by contact with 
the chilled surface of the earth, it follows that up to a certain 
elevation the temperature of the air will increase with the height. 

138. There is another source from which the chilled surface 
receives accessions of heat — viz., when the air at the surface is 
cooled down to the temperature of the dew-point ; for when this 
point is reached dew is deposited, and latent heat given out. 

139. When the sky is wholly or partly covered with clouds, a 
large portion of the heat radiated from the earth to the clouds is 
raiUated back again from the clouds to the earth ; and thus on 
cloudy nights the loss of heat by radiation is not so great as on 
clear nights, and not so great when the clouds are low as when 
they are high, 

140. But the vapour of water obstructs radiation, not only when 
in a visible form as clouds, but also when it is diffused in an in- 
visible state through the air ; and hence the drier the air is, the 
colder is the temperature during night, 

141. The surface of the earth is cooled by radiation to a greater 
degree during calm than during windy nights, because, owing to 
the agitation caused by the wind, it is warmed by contact with 
the air of the upper as well as of the lower strata of the atmo- 
sphere. The amoimt of heat radiated is the same, but the effects 
are not, as on calm nights, chiefly confined to the surface, but 
are more generally diffused through the air itself. 

142. The degree to which the temperature of objects is reduced 
by radiation, is proportioned to the amount of sky exposed to the 
free view of the object Thus if houses or trees be near — ^that is, 
if they cut off a part of the sky from the field of view — the tem- 
perature will not fall to the same extent. A cloud passing over 
raw wool much cooled by radiation, has been observed by Mr 
GMsher to raise the temperature of the wool 15° in the quarter 
of an hour. 

143. Means of Measuring tJie Cold of Radiation, — ^This is 
usually done by the ordinary Minimum Blach-bulh Thermo- 
Tneter, which is a common minimum thermometer having its 
bulb blackened. As in the case of the maximum black-bulb, 
it is laid over grass with its blackened bulb freely exposed, and in 
such a position as to command a view of the whole of the sky, or 
as much of it as possible. If it does not command a view of the 
whole, the amount cut off by surrounding objects should be 
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noted. It should always be placed just above the ground, never 
on an object at some height above the surface ; it should also be 
laid on grass kept short ; and the blackened bulb should project a 
little beyond the scale, so as to be freely exposed all round. 

144. The degree to which the temperature falls depends on the 
radiating and conducting powers of the surface over which the 
thermometer is placed, and is greater as the radiating power is 
greater and the conducting power less, and vice versd. We give 
below the relative cooling powers of a few of the more important 
substances, as determined by Mr Glaisher from extensive experi- 
ments made by him, — long grass being 1000 : — 



Hare-sllin, 


. 1316 


Raw white wool, . 


. 1222 


Flax, 


. 1186 


Raw silk, 


. 1107 


White cotton wool, . 


. 1085 


Lamp-black powder. 


. 961 



Glass, 
Snow, 

Grarden mould. 
Sand, 
Stone, 
Gravel, . 



864 
657 
472 
454 
390 
288 



145. One of the most instructive examples illustrative of this 
subject that could be given is the result of Mr Glaisher*s observa- 
tions on the different temperatures of long and short grass. A 
thermometer placed on long grass was found to be on a mean l°.l 
lower than one on short grass, whilst the temperature of the soil 
under long grass was l°.l higher than under short grass. The 
temperature was thus the same amoimt in excess under the long 
grass as it was in defect over it. Hence the difference of tempera- 
ture over the long and the short grass was entirely due to the 
greater quantity of heat conducted from the soil to the top of the 
short grass over that conducted to the top of the long grass, and 
not to any difference in the radiating powers of the grasses. The 
experiments were extended, and it was found that the temperature 
varied with every variation of length, fineness, and closeness of 
texture of the blades of the grass. 

146. Dew, — When a glass of cold water is brought into a warm 
room, the surface of the glass is soon covered with small globules 
of water, provided the temperature of the glass be below the 
dew-point of the air of the room. This phenomenon takes place 
on a grand scale over the earth's surface every night when the 
atmosphere is comparatively clear and cahn. For, as the earth is 
cooled down by radiation, as soon as the temperature of the dew- 
point is reached by any body, the vapour of the air begins to be 
condensed into dew on its surface. The quantity of dew which is 
deposited is in proportion to the degree of cold produced, and the 
quantity of vapour in the air. Hence, from what has just been 
said in par. 144, more dew will be deposited on fura^ ^QQil^^\!i[!s»k 
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flax, and cotton, than on grass and vegetable substances generally, 
and less on glass, mould, sand, and gravel. Thus, by a most bene- 
ficient arrangement, dew falls most copiously on those objects 
on the earth's surface which most require its refreshing influence. 
It is not deposited in cloudy weather, because clouds prevent the 
loss of heat by radiation ; nor in windy weather, because wind 
constantly renews the air in contact with the ground, and thus 
prevents the temperature from falling sufficiently low. Dew is 
rarely deposited on the surface of deep water, because its tempera- 
ture scarcely ever falls below the dew-point. When the tempera- 
ture is below the freezing-point, the dew freezes as it is deposited, 
and hoar-frost is produced. 

147. Effects of Radiation on Water. — Heat is freely given off 
from the surface of water as well as from land. But from various 
causes the effects of radiation on the surface of water are very 
different from those on land. Owing to its great specific heat, its 
temperature falls much more slowly than that of land. This con- 
serving influence of water on the temperature is greatly increased 
by another peculiarity. For when the particles floating on the 
surface are cooled by radiation they become heavier and sink, and 
warmer particles from below rise to supply their place. Thus the 
surface can only cool as the entire body of water is cooled, and the 
change of temperature in a body of deep water by radiation from 
the surface during a night will be almost imperceptible ; conse- 
quently the temperature of the air resting on this water will 
imdergo comparatively little depression on calm nights. 

148. The mean daily range of the temperature of the sea has 
been ascertained off the Scottish coast from observations made by 
Captain Thomas, R.N. On a mean of the year it is as follows : — 

Mean of daily Minima . 48°. 43 J Maximum at 4 p.m. . 49°. 02 
Mean at 11.20 A.M. . 4S°.89 | Mean at 1.20 a. m. . 48°.89 

Hence the temperature of the sea near the surface only varies on 
the average about 0°.6 in the day, while in Scotland the air varies 
12° on the average. The greatest differences observed on any day 
in the temperature of the sea were 5''.6 and 5°.3, amounts alto- 
gether exceptional ; whilst the temperature of the surface of the 
land varies not unfrequently as much as 100° during one day. 
These figures present in a striking light the conserving influence 
of the ocean on climate as compared with that of the land. 

149. It is a well-known general property of matter that bodies 
expand with heat and contract with cold ; but to this law water 
is one of the remarkable exceptions. Water follows the general 
law till it falls to 39°.2^ after which, as the temperature falls, 
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instead of contracting it begins to expand, and continues to do 
80 till it reaches the freezing-point Water is therefore at its 
TnaxiTniim density at 39^.2. When it is just falling to 32°, or 
immediately before it freezes, it occupies as great a space as it did 
at 46^.3. But if common salt be dissolved in water, the temperature 
of its maximum density is lowered ; and if it be brought to the 
average degree of saltness of sea-water, the temperature of its 
maximum density is 26^.2, and of freezing 28°.4. • 

150. Since, then, sea-water of the average saltness follows the 
general law in contracting as it is cooled till it freezes, no ice can 
be formed on its surface till the temperature has fallen through 
all its depths nearly to freezing. On the other hand, as soon as 
the temperature of fresh water has fallen to 39^.2 through all its 
depths, the surface-water becomes lighter as it cools, and conse- 
quently no longer descends, but floats on the surface. This 
circumstance marks an essential distinction between the effects 
of sheets of salt and fresh water respectively on climate. The 
surface temperature of sea- water falls very dowly from 39°.2 to 
32^, because as it falls the temperature of the whole water through 
its depths must fall ; whilst from 39^2 to 32° the surface tem- 
perature of fresh water falls rapidly, because it is only the portion 
floating on the surface which requires to be cooled. 

151. Owing to its great depth, Loch Ness, Inverness-shire, is 
not known to freeze. Its temperature being therefore always high, 
even during intense and protracted frosts, the winter climate 
along its shores is mild and partially insular in its character. 
So high is the temperature of the lake, that the Ness does not freeze 
in its short course to the sea. On the other hand. Loch Leven, 
Kinross-shire, being shallow, is easily frozen over, and hence it 
has no effect whatever in moderating the rigours of intense frosts 
on its banks. As these lakes are small, their influence operates 
but to a very limited extent. It is in the magnificent system of 
fresh-water lakes in North America that this influence is most 
strikingly seen. Owing to the severe cold of the winters, these 
lakes are partially frozen for some distance from their shores during 
that season, and hence that region is curiously characterised by 
a winter climate of almost continental severity, and a sununer 
climate of comparative insular coolness. 

152. Advantage was taken of terrestrial radiation to manu- 
facture ice during night in Bengal, even though the temperature 
of the air was above 32°. A piece of ground, nearly level, was 
divided into square plots, from 4 to 5 feet wide, which were 
surroimded by little mounds of earth, 4 inches high. In these 
enclosures, previously filled with dry straw or canes, many broad 
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shallow nnglazed earthen pans were placed, containing pump- 
water. When the air was still much ice was formed ; wind 
prevented its formation altogether. The object of the excavations 
and little mounds of earth was to increase the stillness of the air* 
Since, then, the evaporation must have been small when ice was 
formed most plentifully, the cooling of the water and the for- 
mation of the ice was caused by terrestrial radiation. The 
object to be obtained in using dry straw was to secure for the pans 
a badly-conducting substance; when the straw was wetted, and 
its conducting power thus increased, little or no ice was formed. 

153. Effects of Terrestrial Radiation on Land, — One of the 
chief effects of terrestrial radiation on air resting over land, as 
compared with that over the sea, is to increase the range of the 
temperature. Thus, while the mean daily variation in the tem- 
perature of the air over the sea in the west of Scotland is about 
6*.0/ on the land it is about 12°.0 ; and in extreme cases the 
variation on land is three or four times greater than on the sea. 

154. The increase of temperature with the height during cold 
weather takes place invariably in dry, calm, clear weather, during 
the night, and in winter, when the temperature of the air is 
lowered by contact with the chilled surface of the earth. Be- 
tween the temperature of the air in contact with the surface of 
the ground, and the air 4 feet above the ground, the difference is 
frequently 15° or 20° during the night, but above 4 feet the differ- 
ences are generally small. On the 8th April 1844, at 8 p.m., Mr 
Glaisher observed a difference of 25°.0 between two thermometers, 
one placed on raw wool over long grass, and the other at a height 
of 4 feet ; and at 8 feet high the temperature was 3°.6 warmer 
than at 4 feet. Hence the temperature of the air on the ground 
was 28°. 5 colder than at a height of 8 feet at the same time. 
From an extensive series of observations made by the same 
indefatigable meteorologist with thermometers fully exposed 
to the sky, the means, as compared with those on l<mg grass^ 
were as follow : — 



At 1 inch above 


long grass. 


+ 2^.76 


,, 3 inches 


ft 


+ 4°.39 


,. 6 „ 


>f 


+ 6°.02 


,. 12 „ 


ft 


+ 7°.31 


„ 24 „ 


ff 


+ 7^67 


„ 48 „ 


ft 


+ 7°.81 


„ 96 „ 


ff 


+ 8°.26 


,.144 „ 


ff 


+ 8^27 



A thermometer at 4 feet above long grass, protected from six- 
tenths of the sky, stood, on a mean, 8°.39 higher.' From experi- 
ments made by M. Ch. Martins in the south of France, he found, 
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on a mean of 88 nights, that the temperature at a height of 6^ 
feet as compared with 2 inches, was 1°.5 warmer ; that for every 
yard between 20 and 96 feet, it was 0°.12 warmer ; and between 
96 and 162 feet, it was 0".04 warmer. Hence the necessity of 
having all thermometers in shade placed at the same height above 
the groimd', for otherwise the results are not comparable. 

155. But the rate at which the temperature increases with the 
height is modified, to a very great extent, by the physical con- 
figuration of the surface — ^that is, whether that surface be level, 
undulating, or mountainous. To imderstand how this happens, 
let us suppose an extent of country diversified by plains, valleys, 
hiUs, and table -lands, to be in circumstances favourable to 
radiation, and each part under the same conditions, except in the 
single point of position. Radiation will proceed over the whole 
at the same rate, but the effects of radiation will not be felt every- 
where in the same degree and intensity. For as the air in contact 
with the declivities of hills and rising ground becomes cooled by 
contact with the cold surface of the ground, it acquires greater 
density and weight, and consequently flows down the slopes and 
accumulates on the low-lying groimd at their base. Hence places 
situated on rising groimd are never exposed to the full intensity 
of frosts ; and the higher they are relatively to the surrounding 
ground, the less are they exposed, being protected by their 
elevation, which provides, as it were, an escape for the cold 
almost as fast as it is produced. On the contrary, valleys more or 
less environed by hills or eminences not only retain their own 
cold of radiation, but also serve as reservoirs for the cold air which 
is poured down from the neighbouring heights. Hence low-lying 
places are peculiarly exposed to intense cold. Plains and table- 
lands are simply affected by their own radiation. 

156. This explains why vapour so frequently becomes visible in 
low places, whilst adjoining eminences are clear. The same fact 
instinct has made known to cattle and sheep, which generally 
prefer to rest during night on knolls and other eminences. Along 
most of the watercourses of Great Britain, during the memorable 
frost of Christmas 1860, laurels, araucarias, and other trees grow- 
ing in low situations were destroyed, whereas those growing on 
higher ground escaped ; thus attesting, by unmistakable proof, to 
the great and rapid increase of the temperature with the height 
at places rising above the lower parts of the valleys. 

157. It is evident that the distribution of temperature over the 
surface of a mountainous country during calm weather in winter, 
will be regulated by a different law than that of height above the 
sea. Sixty-nine Meteorological Stations were established in Swit- 
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Zetland in 1863 ; and as one of the first-fruits of this Society, a 
paper was published by Professor E. Plantamour, on the Distribu- 
tion of Temperature on the surface of Switzerland during the 
winter of 1863-64. It was observed that when the soil is colder 
than the air above it, the superficial layers become cold by con- 
tact, and a system of descending air-currents sets iti over the 
whole face of the country. The direction and velocity of these 
descending currents are modified by the irregularities of the 
ground, and, like currents of water, they tend to converge and 
unite in the gorges and ravines, down which they flow like rivers 
in their beds. These currents necessarily give rise to counter- 
currents flowing over them to supply their place. 

158. When the station is on the top of a mountain, as the 
Righi, the counter-current comes from a great height above the 
ground, and being therefore warmer, the temperature of such 
stations is comparatively high. At places situated on the sides of 
mountains, the influence of the counter-current tends to raise the 
temperature, though in a less degree than at the top, on account 
of the descending current from the heights above mixing with it. 
The Swiss villages being generally built on eminences rising out 
of the side of the mountains, and bounded on both sides by 
gorges or ravines, are thus admirably protected from the cold of 
winter; for the descending currents flow aside into the gorges, 
and the counter-currents are constantly supplying warmer air from 
the higher regions of the atmosphere. 

159. Though the space occupied by the current of cold air in 
the bottom of a valley is of greater extent than the bed of a river, 
it is nevertheless limited, and on all occasions tolerably well 
defined, so that on rising above it in ascending the slope, the 
increase of temperature is readily perceptible, ^e gradual nar- 
rowing or contracting of a valley has a very appreciable influence 
in lowering the temperature ; for the valley is thus transformed 
into a basin almost closed, into which cold currents of air descend 
from all sides. On such occasions, a cold wind rushes impet- 
uously down the narrow gorge, which serves as an outlet to the 
basin. It is on this principle that many of the sudden gusts and 
breezes peculiar to mountain districts, such as vent du Mont 
Blanc, are to be explained. When the basin is a deep lake, the 
cold which is poured down on its surface, having cooled the sur- 
face-water, is thereby conveyed to greater depth, and has there- 
fore scarcely any effect in lowering the temperature of the air 
resting over the lake. Hence lakes are a source of heat during 
winter, and places situated at their outlet are not exposed in the 
same degree to such gusts of cold wind as those referred to above ; 
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and places on tbeir shores do not suffer from those severe frosts 
which occur during calm weather in winter in other low-lying 
situations, and which prove so injurious to health and vegetation. 

160. Influence of Forests. — The temperature is found to be 
warmer at the base of a mountain, and up its sides, when the 
slopes above are covered with trees. The beneficial influence of 
forests appears in two ways — viz., in the diminished radiation 
from the surface protected by the trees, and in the obstacle they 
oppose to the descending currents of cold air. On the contrary, 
the cold of winter is more severely felt in those localities where 
the slopes above are destitute of vegetation, and consist only of 
bare soil and rocks, or of snow. 

161. This peculiar distribution of the temperature only takes 
place during comparatively calm weather; during windy and 
stormy weather the law of the decrease of temperature with the 
height takes effect. 

162. Situations which afford the best protection against the 
Cold of Winter, — In countries such as Great Britain, and, indeed, 
in temperate countries generally, the majority of the deaths which 
occur are occasioned, or at least hastened, by low temperatures. 
In the tables of mortality and temperature, published weekly by 
the Registrars-General for England and Scotland, we have constant 
proof of this statement. For when, during the cold months of 
the year, the temperature happens to fall a few degrees, the death- 
rate at once rises to a height proportioned to the depression of the 
temperature. It is thus a matter of most vit^ importance, 
especially to invalids, to know the local situations which afford 
the best protection against the evil influence of low temperatures. 
From what has been already said regarding the increase of tem- 
perature with the height, it is evident that mere local situation 
may, during periods of great cold, have the effect of maintaining 
a temperature many degrees higher than what prevails at lower 
situations close at hand — a difference which must assuage suffer- 
ing, and not unfreqvently save life. The advantage will of course 
be the greater if the sleeping-apartments be in the higher flats of 
the house. The dwellings best protected against severe cold are 
those situated on a gentle acclivity, a little above the plain or 
valley from which it rises, having a southern exposure, and the 
ground behind planted with trees. 
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CHAPTEE VI. 



THE DISTRIBUTION OP TERRESTRIAL TEMPERATURE. 

163. The distribution of terrestrial temperature may be con- 
veniently treated of imder three heads — viz,, the temperature of 
the sea, of the land/ and of the air. 

The Temperature of the Sea. 

164. The whole water of the seas over the globe is one body, 
and on account of its fluidity a free communication is kept up 
among its different parts ; and since sea-water contracts, and 
consequently gains in density, as it is cooled imtil it freezes 
(par. 149), the cold water tends everywhere to flow towards and 
settle in the depths of the ocean. From this it follows that the 
water of the sea will, below a certain depth, fall to one uniform 
temperature, and that temperature just as cold as the surface 
temperatures of the sea over the whole globe can reduce U to. 
From recent observations of deep-sea temperatures, with the 
Miller-Casella thermometer, temperatures as low as 35°.0 have 
been found in the Atlantic, and other parts of the ocean. Very 
low deep-sea temperatures have also been observed in the Arabian 
Sea. It may thence be concluded that the temperature of the 
sea at great depths is everywhere over the globe at least as low as 
35°.0, provided the bed of the ocean permits free communication 
between the polar seas and these depths. The exact ascertaining 
of this deep-sea temperature in all oceans is one of the capital 
questions of physics. Owing to the comparative shallowness of 
the sea at the Straits of Gibraltar, the deep water of the Mediter- 
ranean is not directly in communication with that of the Atlantic, 
and accordingly it is found that the temperature of the Mediter- 
ranean at a depth of 1508 fathoms is 55°. 

165. Surface Temperature of the Sea, — This is one of the 



THE DISTRIBUTION OP TERRESTRIAL TEMPERATURE. 61 

most important problems of Meteorology and Physical Geography, 
hut it has as yet been worked out only so far as to obtain no 
more than the very rudest approximation to a solution. The 
part of the sea whose temperature is best known is that portion 
round Iceland, Faroe, Scotland, and Norway, from which, owing 
to the labours of the Scottish and Norwegian Meteorological 
Societies, we have systematic observations during the last thirteen 
years. From these observations we learn that the mean tempera- 
ture at the mouth of Loch Fyne is 49®.0 ; west of Oban, 48°. 7 ; at 
Harris, in Lewis, 48°.9 ; Orkney, 48°.8 ; Shetland, 48° A ; and the 
mouth of the Firth of Forth, 4r.8. Hence the Atlantic is V.O 
warmer than the North Sea off the east coast of Scotland. The 
sea is also 1°.0 warmer than the air, and among the islands in the 
north it is 3°.0 warmer. But it is during winter that the differ- 
ence between the temperature of the Atlantic and the North Sea is 
greatest. The mean temperature of the Atlantic in July is 54®.4, 
and in January 44°.7 ; whilst the North Sea is 55°.5 in July, and 
40®.8 in January. And if extreme temperatures be considered, 
the advantage in favour of the Atlantic is greatly increased, for 
the lowest temperature to which the Atlantic has yet been ob- 
served to fall is 39°. 1, whereas at the extremity of Trinity Chain 
Pier in the Firth of Forth, the temperature of the sea fell to 33°.7 
in February 1865. These are the temperatures of deep water; 
but in shallow water much lower temperatures occur. 

166. Temperature of the Sea in different parts of the Globe, — 
Owing to the small change of temperature within the tropics, the 
temperature of the sea in these parts may be considered as well 
known. It is generally from 80° to 83°.5. Between the limits of 
50° north and 50° south, the mean temperature of the North 
Atlantic is 71°.6, and that of the South Atlantic 66°.7. The 
South Atlantic is thus 5° colder, and this difference is nearly 
uniform for corresponding parallels of latitude. Similarly the 
mean temperature of the North Pacific is 69°.9, and that of the 
South Pacific 67°. 7 Hence this ocean is colder south of the 
equator, but the difference is not so great as in the Atlantic. Of 
the three oceans south of the equator — ^the Atlantic, the Indian, 
and the Pacific — the Atlantic is the coldest, being 66°. 7; the 
Indian is the warmest, 69°. 3 ; and the Pacific is between the two, 
67°. 7. On the other hand, the North Atlantic is 1°.7 warmer 
than the North Pacific. The mean temperature of the western 
half of the Mediterranean Sea is about 65°, and that of the 
eastern half, from 3° to 6° warmer ; while that of the Black Sea 
is only 56°.8. On the other hand, the mean temperature of the 
Hed Sea north of 20° lat. is 77°.4, but south of that '^«wXk!^*'&S& 



63 TBE DIBIBIBUTIOH OF TBRBBSTBIAL TEUFERATURB. 

8V.t. The great differences between tte tempeiatares of these 
seas must powerfully influence the climates of Paleatiiie, Asia 
Uinor, and adjacent countries. 

167. The highest temperature anywhere yet observed is 94° in 
the Bed Sea, near Aden ; the highest t«mperotuies elsewheie are 
91°, near Siom, and 69° and 88° in several places in the Indian 
Ocean near the equator. 

168. Abnormal DutT^ution of Tanperature canted by Currmlg 
of tie Sea. — In the accompanying chart (fig. 15), which ia adapted 
from a chart published by Professor Mohn, Christiania, the mean 
annual temperature of the eea is given with great accuracy for the 
northern portion of the Atlantic, in which the thermal axis, or line 
of greatest heat, is seen to pass through the Hebrides in a north- 
east course. If this line be produced towards the south-west as 




far . 



Fig. IS. 
9 Cuba, it is found to pass through temperatures I 



than those which prevail to the eastward or westward of it. Now 
this anomalous temperature could not be maintained unless 
there was a general flow of the water of the ocean through 
the midst of the Atlantic north-eastward into the Arctic Ocean. 
This line of high temperature marks the course of a powerful 
ocean-cuixent, which spreads itself north-eastward over the At- 
lantic By the warmth it brings from southern latitudes, the 
Britiah climate is upwards of 20° warmer in winter than it would 
otherwise be. By the time it arrives at the British Islands, its 
passage is, no doubt, slow ; but from the slow rate at which the 
temperature of the sea is brought to a complete correspondence 
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with that of the air, it will carry with it enough of its original 
heat to keep it warmer than the air, though it take some months 
to traverse the distance from the north of Ireland to Orkney. 
Observations prove that the temperature of the sea, as compared 
with that of the air, is about 3° higher in Orkney than it is in 
the south of Scotland. In the north-west of Iceland the tempera- 
ture of the sea is 5°.0 warmer than that of the air, and at many 
places on the coast of Norway the difference in favour of the sea 
is nearly as great. 

169. Off the Gulf of Guayaquil in South America, the tem- 
perature of the sea is only 70°, being from 10° to 12° below the 
average of tropical seas. This extraordinary depression of tem- 
perature is brought about by the cold waters transported thither 
by the great Humboldt Current from the higher latitudes of the 
South Pacific. Proceeding westwards along the equator from 
Peru to the East India Islands, the temperature rises successively 
to 75°, 80°, 83°, and 84°.5. The last mean temperature, being the 
highest anywhere on the globe, occurs a little to the east of New 
Guinea. From this point to the east coast of Africa, including 
the whole of the northern half of the Indian Ocean, the tempera- 
ture ranges from 81° to 84° ; except near the mouths of some of 
the large rivers, where it is 1° or 2° less. 

170. South of Sierra Leone, the temperature of the Atlantic is 
only 75°, but from this westward it rapidly rises to 78°, 80°, 82°, 
and finally to 83°. 5 in the confined waters of the Gulf of Mexico, 
in the Gulf of Honduras ; but as the current traverses the gulf, 
and mixes with the colder water poured down by the Mississippi, 
the temperature falls to 76°. 

171. The low temperatures on the east coast of North America 
are caused by the well-known current from the frozen seas of the 
arctic regions which flows southward over the bank of Newfound- 
land. On the west coast of North America, the temperature of 
the sea increases from east to west. Thus, proceeding from the 
shore westwards, the temperatures of the North Pacific by the 
ten-degree squares are respectively, between 20° and 30° N. lat., 

.63°.3, 66°.9, 74°.5, and 77°.7; between 30° and 40° lat., 56°.4, 
61°.8, 64°.0, 71°.0; and between 40° and 50° lat., 49°.2, 53°.5, and 
59.°0. This distribution of temperature is caused by a cold cur- 
rent paf^sing southward along the west coast of North America. 

172. The temperature of the South Atlantic increases westward, 
showing a flow of the ocean southward along the east coast of 
South America, thus raising the whole temperature of that coast 
The effect of the two opposite currents on the coasts of this 
continent, is to raise the temperature on the east coast fcora. ^ \a 
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10® above that on the west coast in the same latitude. The 
southern part of Africa is similarly situated with respect to cur- 
rents, and the effect on the temperature of the sea is even more 
marked than in the case of South America, — the temperature in 
the Gulf of Mozambique being 81°. 1, while on the coast of Lower 
Guinea, in the same latitude, it is only 67°.6, the difference being 
13°.5. 

173. The sea on the east of Asia from China northwards be- 
comes warmer as we recede eastward from the continent. Thus, 
between 20° and 30° lat. the temperatures of the squares are 72°.4, 
78°.8, and 83°.0 ; between 30° and 40° lat., 60°.0 and 66°.2 ; from 
which northwards in the Sea of Okotsk, it falls to 46°.7 and 
34°. 5 (?). Thus the east coast of Asm is also chilled by currents 
descending on it from higher latitudes. Cold currents also set in to- 
wards Australia from the south-west, depressing the temperature. 

174. The lowest mean temperatures yet observed occur in the 
Antarctic Ocean, between 60° and 70° S. lat., immediately to the 
south of the Atlantic Ocean, and Australia and New Zealand. 
The lowest of these temperatures is 30°.9, occurring in 35° W. 
long, and 65° S. lat., but lower temperatures no doubt occur in 
higher latitudes. 

175. As regards their influence on climate, ocean-currents raise 
the temperature of the west of Europe, the east of South America, 
the east of Africa, and the south of Asia ; and depress the tem- 
perature on the east and west coasts of North America, the west 
coast of South America, the west coast of Africa, the east coast of 
Asia, and the south coast of Australia. 

176. It should be remarked that though what is here stated 
regarding currents of the sea is in many cases of a very general 
character, yet the service already rendered to navigation by the 
knowledge thus arrived at has been of the most substantial 
kind ; for, by taking advantage of the currents, distant voyages 
are now accomplished sooner, and much time and money thereby 
saved. Much greater would be the advantage if our faiowledge 
of the currents were fuller and more accurate than it is. When 
the scheme which has been sketched by the British Government, 
and which is now being worked out by the Meteorological Com- 
mittee of the Board of Trade, shall be completed, we shall be able 
to know, with sufficient accuracy for all practical purposes, the 
prevailing winds in different parts of the ocean ; and the different 
currents of the sea, — ^their temperature and density — their origin, 
course, and termination — the rate of their motion — the limits 
within which they are bounded — and the annual and secular 
changes to which they are subject. 
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177. In some cases the bed of tlie current is very distinctly 
marked off. The Gulf Stream, as it issues from the Strait of 
Florida, is a good example of this ; and even after it has turned 
its course some distance to the eastward, it is in some places 
sharply defined. Thus, when her Majesty's ship Nile was going 
from Halifax to Bermuda in May 1861, Admiral Sir Alexander 
Milne found the temperature 70° at the bow, while it was only 
40° at the stem, as he entered the Gulf Stream, thus showing a 
difference of 30° of temperature within the short distance of a 
ship's length. 

' 178. Density of the *S^ea.— The density of the sea, or the weight 
of a given quantity of sea-water, at a given temperature, is in- 
creased in proportion to the quantity of salt dissolved in 
it. It is always compared with the density of water, 
which is considered as imity. The density is ascertained 
by means of the hydrometer Qiydcyr, water, and metron, 
measure), fig. 16, which is a glass vessel loaded with mer- 
cury or shot, and furnished with a scale. The zero- 
point is foimd by floating it in distilled water, at a 
temperature of 60°, and marking the point on the scale 
just where it meets the surface of the water. 

179. The South Atlantic is a little heavier than the 
North, their specific gravities being respectively 1.02676 
and 1.02664 ; but the difference between the South and 
the North Pacific is considerably greater, the South 
being 1.02658, and the North 1.02548. Hence, of the 
two oceans north of the equator, the Atlantic is heavier 
than the Pacific ; but this difference may be owing in 
part to the circumstance, that observations are wanting 
in the middle of the Pacific, where the density is pro- 
bably greater than in other parts of that ocean, owing to 
the higher temperature and the absence of currents from Fi^7l6. 
the north. Of the three oceans south of the equator, the 
Atlantic is the heaviest, the Indian the lightest, and the Pacific, 
intermediate between the two, the specific gravities being respec- 
tively 1.02676, 1.02630, and 1.02658. 

180. In the case of land-locked seas, the density falls short of, 
or exceeds, the above average specific gravities of the sea, accord- 
ing as the evaporation from their surface falls short of or exceeds 
the amount of fresh water they receive from rain and the rivers 
which flow into them. Thus the density of the Mediterranean is 
in excess, and gradually increases from west to east ; the mean of 
the western half is 1.0286, and of the eastern 1.02.91. In the Red 
Sea the density is also great, and increases &om. «oa>X3cl \a^ tlqi^^ 

E 
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being in the south 1.0272, and in the north 1.0297. In seas 
and lakes which have no outlet, and where consequently all the 
water passes off by evaporation, the greatest degree of saltness is 
attained ; — such are, Tuz Gul Lake in the centre of Asia Minor, 
3000 feet above the sea, the saltest lake known, containing 32 
per cent of saline matters ; the Dead Sea, 24 per cent ; and the 
Salt Lake of Utah, 22 per cent. 

181. But in seas whose surfaces are small in comparison to the 
volumes of fresh water poured into them, the density falls far be- 
low the average. Thus the average density of the Black Sea is 
only 1.0143, the highest recorded is 1.0209, and the lowest, at a 
distance from the mouths of rivers, 1.0114. The average density 
of the western division of the Baltic Sea is 1.0112, aild of the 
eastern only 1.0042. In the Baltic the highest yet recorded is 
1.0232, and the lowest 1.0003, being nearly the density of fresh 
water. 

182. Heavy rains diminish the density. The lowest specific 
gravity in the Indian Ocean occurs a little south of the equator, 
whereas in the Atlantic and Pacific Oceans it is to the north of the 
equator, in the belt of equatorial rains and calms. At the mouth 
of Loch Fyne, in Argyleshire, Dr William Rankin observed the 
density of the sea to be 1.0210. This occurred on the 31st 
August 1860, after a heavy fall of rain, and at high water ; next 
morning it increased to 1.0250, the usual density of the sea at 
that place. The effect of heavy tropical rains is often very strik- 
ing. Thus Dr Ord of H.M.S. Hermes, on the 4th August 1859, at 
9 A.M., observed the density to be 1.0266. Heavy rain fell, and in 
one hour the density was reduced to 1.0193 ,• in two hours it rose 
to 1.0253, and in other three hours to 1.0266. In land-locked 
bays and arms of the sea, particularly if surrounded by hills, the 
very lowest densities are observed after heavy rains. In Hamna- 
way Loch, in the Hebrides, Captain Thomas has occasionally 
taken fresh water from the surface of the sea. Even in mid-ocean, 
within the tropics, fresh water has been taken from the surface of 
the sea immediately after torrents of rain had fallen. 

183. Hence the chief differences in the specific gravity jof the 
ocean arise from local circumstances. It is high where the eva- 
poration is great, as in the region of the trade-winds ; and low 
where much rain falls, and in high latitudes in the neighbour- 
hood of ice. It is highest in confined seas where there are few or 
no rivers and little rain falls ; and lowest near the mouths of 
large rivers, and in seas like the Baltic, which are supplied with 
laige quantities of fresh water. 
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The Temperature of the Land. 

184 In countries where the rainfall is pretty evenly distributed 
among the months, and where snow covers the ground but for a 
short period of the year, the mean temperature of the soil is 
almost identical with that of the air. But in countries where the 
year is divided into wet and dry seasons, and also where snow 
lies a considerable part of the year, the mean annual tempera- 
ture of the soil may be a little above or a little below that of the air. 
The greatest difference between the temperature of the soil and that 
of the air occurs when the surface of the ground is covered for 
some months of the year with snow. Since snow is a bad con- 
ductor of heat, it prevents, on the one hand, the propagation of 
the cold of radiation downwards into the soil, and, on the other, 
the escape of heat from the soil into the air. Snow thus depresses 
the temperature of the air in two ways — (I) by retaining in the 
air almost the whole of the cold produced by radiation, and (2) 
by stopping up the supplies of heat which would otherwise be 
drawn from the soiL Since, for the same reasons, the tempera- 
ture of the soil is kept warm, it follows that the temperature of 
the soil greatly exceeds that of the air when snow lies for some 
time on the ground. In Russia and Siberia the greatest diver- 
gence between the curves of these two temperatures is observed. 
In Russia, about 120 miles south of Archangel, the mean tempera- 
ture of the air is 32°, whereas that of the soil is 41° ; the soil 
being thus 9° higher. In Semipalatinsk, in the souUi-west of 
Siberia, the temperature of the air is 41°, and of the soil 60°, or 
9° higher than that of the air. 

185. The daily changes of temperature do not affect the soil to 
greater depths than about three feet The exact depth varies with 
the daily range of temperature, by which the amplitude or force 
of the daily heat-wave is determined, and with the nature of the 
soiL Similarly the heat of summer and the cold of winter give 
rise to a larger annual wave of heat propagated downwards, which 
becomes of less and less amplitude as it recedes from the surface, 
until it reaches a depth when it ceases to be perceptible. Prin- 
cipal Forbes has shown from the observations made on under- 
ground temperature on the Calton Hill, Edinburgh, that the 
annual variation does not penetrate further than 40 feet below the 
surface, and that below 25 feet it is very smalL The depth at 
which the annual variation ceases to be observed, and where ac- 
cordingly the temperature is constant, depends on the conduct!* 
vity and specific heat of the soil or rocks, and particularly on the 
difference between the summer and the winter temperature 
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186. Owing to the slow rate at which the annual heat-wave is 
propagated, the highest annual temperature of the trap-rocks of 
the Calton Hill, Edinhurgh, at the depth of 24 feet, ts^es place 
ahout the 4th January, and the greatest cold ahout the 13th July, 
thus reversing the seasons at that depth. According to Professor 
J. D. Everett, who has examined the Greenwich observations of 
Deep-Sunk Thermometers from 1846 to 1859, the highest tem- 
perature at a depth of 25.6 feet occurs on the 30th November, 
and the lowest on the 1st June; and at a depth of 12.8 feet, the 
highest occurs on the 25th September, and the lowest on the 27th 
March. 

187. Froi^i the results arrived at by the observations of the 
Scottish Meteorological Society, made at depths of 3, 12, 18, 22, 
36, and 48 inches below the surface, it has been found that there 
is a small but steady increase in the mean temperature at these 
various depths, from 3 inches downwards. To this conclusion 
there is no exception at any of the stations where such observa- 
tions have been carried on. Further, Principal Forbes has shown 
from the Calton Hill observations, that the mean temperature 
increases from 3 feet downwards to 24 feet, the latter depth being 
fully a degree above the former. At 3 feet the mean temperature 
is 45^8 ; at 6 feet, 46M ; at 12 feet, 46^.4 ; and at 24 feet, 46°.9. 

188. Springs which have their sources at greater depths than 
that to which the annual variation penetrates, have a constant 
temperature throughout the year. They may therefore be con- 
sidered as giving a close approximation to the mean annual tem- 
perature of the locality, imless they come from a considerable 
depth. All experiments made on Artesian wells and other deep 
borings, prove in the most conclusive manner that the tempera- 
ture increases with the depth. It has been observed that in the 
chalk strata forming the lower part of the Paris basin, the tem- 
perature increases 1° for every 55 feet. In higher latitudes 
the increase with the depth is more rapid. Thus at Yakutsk, in 
Siberia, the temperature at a depth of 50 feet is 15°.l ; at 77 feet, 
16^5 ; at 120 feet, 21°.0 ; and at 382 feet, 30°.6— giving an in- 
crease of V in every 21 feet. 

189. From observations made in a well at Kentish Town, 1100 
feet deep, by Mr G. J. Symons, there is a mean increase of 1* for 
every 55j feet. Observations have also been made during the 
sinking of Rosebridge Colliery, near Wigan, by Mr W. Bryham, 
which show an increase, from the surface to a depth of 2415 feet, 
at the rate of V for every 54| feet The mean rate of decrease 
was very far from being uniform through the whole depth, vary- 
ing from 1° in 31 feet to V in 86 feet The mean rate of increase 
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over the globe cannot yet be stated, but it may be assumed to be 
approximately V for every 50 English feet of descent. 

190. Hence, then, the mean annual temperature increases from 
the surface as far down into the crust of the earth as man has yet 
been able to penetrate. It follows from this result that heat 
must constantly be passing from the interior of the earth to its 
surface, whence it escapes into space ; and hence the temperature 
of the whole earth must be cooling from year to year. Sir William 
Thomson of Glasgow has calculated that during the last 96 mil- 
lion years the rate of increase of temperature underground has 
diminished from 1* for every 10 feet, to 1° for every 50 feet of 
descent as at present ; and adds that, if this action had been going 
on with any approach to uniformity for 20,000 million years, the 
amount of heat lost out of the earth would be more than enough 
to melt a mass of surface-rock equal in bulk to the whole earth ; 
and in 200 million years it would be enough to melt the rocks 
forming the earth's crust. If this reasoning be just, geologists 
cannot claim a much higher antiquity for life on the globe than 
100 million years. 



Distribution of Temperature in the Atmosphere. 

191. The distribution of temperature over the surface of the 
globe is represented by isothermal lines, or lines drawn through 
all places having the same mean temperature. The mean tem- 
peratui-e of January, the coldest month in the northern hemi- 
sphere, is shown by the isothermal lines in Plate IV. ; of July 
in Plate V. ; and of the year in Plate VI. These systems of lines 
are called isochdmals (Gr. mo«, equal, and cheima, winter), or 
lines of equal winter temperature ; isotheraU (Gr. isoSy equal, 
and theroSy summer), or lines of equal summer temperature ; and 
isothermals (Gr. mo«, equal, and thermey heat), or lines of equal 
mean annual temperature. 

192. In all the charts the part of the earth's surface where the 
highest temperature prevails forms an irregularly-shaped belt 
lying in tropical and partly in subtropical regions, and may 
roughly be considered as comprised between the north and the 
south isothermals of 80°. On either side of this warm belt the 
temperature diminishes towards the poles ; and the lines show- 
ing successively the gradual lowering of the temperature are, 
speaking in a loose sense, arranged parallel t-o the equator, 
thus illustrating the predominating influence of the sun as the 
source of terrestrial heat. While the decrease of tem^^^^N^:^^ 
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in advancing towards the poles corresponds, in a general way, to 
what may be called the solar climate, there are great deviations 
brought about by disturbing causes. These disturbing causes are 
— (1) the currents of the sea ; (2) large surfaces of water which 
are frozen over during part of the year ; (3) the unequal distri- 
bution of land and water ; (4) prevailing winds ; and (6) moun- 
tain-ranges. 

193. The influence of an oceanic current on climate depends on 
the temperature of the place it leaves, and that of the place to- 
wards which it flows. Hence the great equatorial current flowing 
from east to west does not require to be considered here, inasmuch 
as the temperature remains generally the same throughout its 
course. It is those currents which convey the waters of the sea 
to high or to lower latitudes that require to be considered. 

194. Gvlf Stream, — Of these currents the most important, as 
well as the best marked, is the Gulf Stream — or more properly 
the flow of the North Atlantic northwards, as already described, 
of which the Gulf Stream is the most prominent part — ^which, 
by conveying the warm waters of the south to the arctic regions, 
pushes the isothermals many degrees northward. The effect on 
the climate of western Europe during the year, and especially 
during winter, Plate IV., receives striking illustration from the 
charts. If no more heat were received than is due to the position 
on the globe in respect of latitude, the mean winter temperature 
of Shetland would be only 3°, and that of London 17^. But 
chiefly owing to the heat given out by the Gulf Stream during 
winter, and carried to these places by the winds, their winter 
temperatures are respectively 39° and 38° — Shetland being thus 
benefited 36° and London 21° from their proximity to the warm 
waters of the Atlantic. In Iceland and the Norwegian coast, the 
increase thus accruing to the winter temperature is much greater. 
To all these places the Atlantic may be conceived as a vast re- 
pository of heat, in which the warmth of the summer months, 
and that of more southern regions, are treasured up and reserved 
against the rigours of winter. 

195. Winter Temperature of the British Islands.—ThQ Gulf 
Stream leaves its impress unmistakably on the temperature of 
each of the months, as shown by the position of the monthly 
isothermals. In January (fig. 17), the deviation from the normal 
position of the isothermals, from their east-and-west direction, is 
greatest. Indeed, as regards Great Britain, the lines are then at 
right angles to this normal direction, and lie north and south. In 
Ireland they seem to envelop the island with their folds, which 
increase in warmth from the centre of the island outward to the 
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ocean. This points oat clearly tliat the great source of heat from 
which the climate of Great Britain derives its warmth in winter 
is in the west ; and that it ia not to the winds alone, bat also to 
the Atlantic Ocean, that we must look as the cause of almost the 
whole of this excess of temperature. For if the winds alone were 
the cause of the higher temperature, there would be a different 
arrangement of the lines of equal temperature. 

196. This peculiar distrihation of the winter temperature of the 
British Islands has important hearings on the treatment of dis- 
eases. Since the temperature of 

the whole of the eastern slope of ^' 

Great Britain is the same, it is 
evident that to those for whom. 
a mUder winter climate is re- 
quired, a journey southward is 
followed hy no practical advan- 
tage, unless directed to the west 
coast And as the temperature 
on the west is uniform feom 
Shetland to Wales, Scotland is ■ 
as favourable to weak constitu- 
tions daring winter as any part * 
of England, except the south- 
west. The temperature on the 
south-west of England and Ire- 
land being, however, 4° higher 
than the west of Scotland, the 
mildest climates, and therefore 
the most suitable resorts for 
invalids who require a mild cli- 
mate, are to he found from the 
Isle of Wight westward, round the Cornish peninsula to the 
Bristol Channel, and from Camsore Point in Ireland to Galway 
Bay. 

197. A similar though much feehler current passes from the 
North Pacific, through or towards Behring Strait, and there ac- 
cordingly the isothermals are pushed a little to the northward. 
Part of this current returns southward hy the west coast of Ame- 
rica, depressing the temperature, especially the summer tempera- 
tore, of this region, Plate T. Thus, while at San Francisco, on the 
coast, the July temperature is 58''.4, at Sacramento, 90 miles inland, 
it rises to 73°.8 ; and at Fort Miller, 402 feet ahove the sea, and 127 
miles distant from it, the mean temperature of July is 90°.2. The 
two great corrents in the southern hemisphere &^-4rm%'ao'tfCQ^%c^ 




Pig. 17. 



72 THE DISTRIBUTION OF TERRESTRIAL TEMPERATURE. 

from colder to warmer latitudes — ^viz., Humboldt's, from tlie 
Antarctic Ocean to Lima by the coast of Peru, the other &om the 
Cape of Good Hope along the west of Africa — lower the tempera- 
ture, and thus drive the isothermals nearer the equator. It will 
be observed in Plate IV., which represents the summer of the 
southern hemisphere, that Humboldt's current breaks the con- 
tinuity of the equatorial belt of high temperature bounded by 
80°. Again, the great equatorial current, after impinging on the 
east coast of Africa, turns southward, and by the warmth it im- 
parts pushes the isothermals into higher latitudes along the east 
of Africa. And for the same reason the current flowing past the 
Brazil coast southward raises the temperature in the east of that 
country. 

198. In all cases the influence of these currents is most 
strongly marked in January and July, the months of extreme 
temperatures. The warm current of the Gulf Stream is most felt 
in January, when several of the isocheimalSf or lines of mean 
winter temperature, are carried by it 1600 miles northwards of 
their normal position. Similarly the currents from the Antarctic 
Ocean being coldest in July, the isothermals are most deflected 
from their normal position during this month, the distance being 
about 1300 miles nearer the equator. Among the most remarkable 
displacements of the isothermals is that which occurs on the Labra- 
dor and Newfoundland coasts during May and June, caused by 
the icebergs and cold current which then descend on these coasts 
from Davis Strait 

199. The great fresh-water lakes of North America — Lakes Su- 
perior, Huron, Erie, Michigan, Ontario, Bear Lake, &c. — have an 
important influence on the climate of the interior of America. For 
in winter, America, with its either wholly or partially frozen lakes, 
is to a great extent an imbroken continental mass, and its winter 
climate may therefore be regarded as continental, except in a 
few limited localities immediately adjoining the deepest lakes ; 
whereas in summer its numerous large sheets of fresh water com- 
municate to those parts many of the characteristic features of an 
insular summer climate. At Fort Brady, situated in the district 
where Lakes Superior, Michigan, and Erie nearly approach each 
other, the temperature of July is 64°.6 ; but at Fort Snelling, to 
the west, in Minnesota, and nearly in the same latitude, it is 
73®.4, the diflference being chiefly caused by the cooling effiects of 
the inland seas which surround Fort Brady. On the other hand, 
the temperatures of these two places in January and February 
are the same. The curving round of the January isothermals of 
30°, 20°, and 10° upon the regions surrounding the Baltic, is to 
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some extent due to the freezing of the shallow, brackish waters 
of that sea during winter. Had the Baltic been deeper and 
Salter, and not subject to freezing, the winter climate of places 
round its coasts would have been much less severe. 

200. Since winds bring with them the temperature of the 
regions they have traversed, southerly currents are warm winds, 
and northerly currents cold winds. Also, since the temperature 
of the ocean is more uniform than that of the land, winds com- 
ing from the ocean do not cause such variations of temperature 
as winds from a continent. As an atmosphere loaded with vapour 
obstructs both solar and terrestrial raddation, moist winds from 
the ocean are accompanied by a mild temperature in winter, and 
a cool temperature in summer ; and dry winds coming from con- 
tinents, by cold winters and hot summers. Again, the equatorial 
current, losing heat as it proceeds in its course, is thereby brought 
nearer the point of saturation, and consequently becomes a ihoister 
wind ; whereas a northerly current, gaining heat in its progress 
towards the equator, becomes a drier wind. Hence the S.W. 
wind in Britain is a particularly moist wind, because it is both an 
oceanic and equatorial current ; whereas the N.E. wind, on the 
contrary, is peculiarly dry and parching, because it is both a 
northerly and continental current. 

201. The height and direction of moimtain-ranges is an impor- 
tant element to be taken into accoimt in estimating the influence 
of winds on climate. If the mountain-chains be perpendicular to 
the course of the wind, and are at the same time of considerable 
height, the effect will be to some extent to divert the winds from 
their course. But the chief effect mountain-ranges have on the 
temperature is to drain the winds which cross them of their 
moisture, and thus to cause colder winters and hotter summers in 
places to the leeward, as compared with places to the windward, 
by partially removing the protecting screen of vapour, and thus 
more fully exposing them to both solar and terrestrial radiation. 
Of this, Norway and Sweden afford, perhaps, the best illustration ; 
for whilst the difference between the summer and winter tem- 
peratures of Hemosand, on the Gulf of Bothnia, is 42°.5, the 
difference between those of Alesund in the same latitude, but on 
the other side of the Dovr^feld Mountains on the coast, is only 
18°.4. In the British Islands, the same differences between the 
east and west are considerable ; thus, at Greenwich the difference 
is 26° ; whilst at Valencia, on the coast of Kerry, it is only 16®. 
A large part of this difference is due to the greater dryness of the 
air in the east as compared with the west. 

202. These considerations explain the position of the isotkox.- 
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mala in the north temperate zone, where the prevailing winds are 
westerly or southerly. In January, as shown on Plate IV., the 
western parts of each continent enjoy a comparatively high tem- 
perature on account of their proximity to the ocean, whose high 
temperature the winds waft thither ; and further, they are pro- 
tected from extreme cold by their moist atmosphere and clouded 
skies. But in the interior of the continents it is otherwise. For 
the winds becoming colder and drier as they proceed, the soil is 
exposed to the full effects of radiation during the long winter 
nights ; and since the ground is for the most part covered with 
snow, little heat can ascend from the soil to counteract the cold 
on the surface, and consequently the temperature rapidly falls. 
In the interior of Siberia, the January temperature falls to — 41.°4. 
This is the greatest mean monthly cold known to occur on the 
surface of the earth, allowance being made for the height above 
the sea. 

203. On the other hand, the interior of continents is much 
hotter in summer than their western coasts, because, the land being 
warmer than the sea at this season, the wind increases in temper- 
ature as it passes over it. Since the air is also drier, the heating 
power of the sun's rays is very great during the long days of summer. 

204. Hence regions in the interior and in the east of Asia and 
America are characterised by extreme climates, and regions in the 
west by equable climates. At Yakutsk, in Siberia, the temper- 
ature in July is 63°.3 and in January — 41°.4 ; whereas at Chris- 
tiansund, Norway, in nearly the same latitude, these are respect- 
ively 54°.4 and 34°.3. Thus the difference between the summer 
and winter temperature at Yakutsk is 104°. 7, whilst at Christian- 
sund it is only 20°. 1. The temperature of Sitka, in the west of 
North America, is 5,5°.6 in July, and 32°.0 in January; whereas 
at York Factory on Hudson Bay, in the same latitude, the July 
temperature is 56°.0, and the January — 12°.8, thus giving a differ- 
ence of only 23°.6 between the summer and winter temperature 
on the coast of the Pacific, but of 68°.8 in the interior of the 
continent. 

205. Fig. 18, giving the Jvly temperature of the British 
Islands, shows that the same law takes effect even over compara- 
tively narrow tracts of land. The temperature of the east and the 
interior exceeds that of the west ; and Ireland may be observed to 
widen the distance between the isothermals — that is, to increase 
the summer temperature in the parts of Great Britain lying to 
the east of it. 

206. It is this which makes the most important distinction 
amongst climates, both as respects animal and vegetable life. On 
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man especially the effect is great. The severity of the strain of 
severe climates on his system is shown by the rapidly increasing 
death-rate according as the differ- 
ence between the July and the 
January temperatures is increas- 
ed. Thus the mortality is 8 per 
cent greater in England than in 
Scotland, the climate of the lat- 
ter country being more equable 
or insular in its character ; and 
it is proved that on advancing 
into the continent of Europe, 
the more extreme the climate 
becomes, so much the more is 
the death-rate increased. 

207. While the temperature of 
each place on the earth's surface 
is imdergoing more or less change 
from day to day, rising in sum- 
mer and falling in winter, it 
might have been supposed that 
the temperature of the earth it- 
self, considered as a whole, would 
remain constant, from day to day, throughout the year, since the 
quantity of solar heat poured into it is the same from day to day. 
Such, however, is not the case ; for from July to December, when 
the sun is south of the equator, a large amount of solar heat passes 
into the latent state owing to the extensive evaporation from 
southern oceans, and is conveyed by the winds into the northern 
hemisphere. But from January to Jime, when the sun is north 
of the equator, the evaporation being much less, owing to the 
larger proportion of land in the northern hemisphere, less heat 
passes into the insensible state in this way. From this it follows 
that the earth itself has an annual march of temperature, reaching 
the maximum at the time of midsummer, and the minimum in the 
middle of winter of the northern hemisphere. Sufl&cient materials 
have not yet been collected for determining with accuracy the 
annual range of the earth's temperature. Professor Dov6 has, 
however, attempted an approximate solution of the problem, of 
which the following is the result : — 

N. Hemisphere. S. Hemisphere. Whole Earth. 

Temperature for July, 70^9 53".6 62*'.3 

Do. for January, 48'.9 59^6 64'.2 

From this investigation the temperature of tbft'vlcLsAa ^»s^i3^,^>& 



Fig. 18. 
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shown hj the thermometer, would appear to be 8®.l warmer in 
July than in January. 

208. Decrease of Mean Temperature tuith the Height — ^The 
decrease of temperature with the height is perceptibly felt on 
ascending mountains, and is still more evident in the snow-clad 
summits which may be seen even in the tropics. For this 
decrease several reasons may be assigned. In rising from the 
surface of the earth, we recede from a warm body and approach 
nearer the cold regions of space. Since comparatively little of 
the sun's heat is absorbed in passing through the atmosphere, but 
the greater part reaches the surface of the earth, it is evident that 
the lower strata of the air, in contact with the earth, will be most 
heated by the sun's rays, and the upper strata least. But suppose 
that the same amount of absolute heat(latent and sensible com- 
bined) was in the atmosphere at all heights ; then since the air in 
the higher regions of the atmosphere is subjected to less pressure, 
it occupies a greater space, or the particles are further apart. 
Now to maintain the aerial particles at a greater distance from 
each other, more heat will be required to pass into the latent 
state, and hence the temperature of the higher regions of the 
atmosphere will be colder. Again, since at elevated situations 
the atmosphere of invisible vapour intervening between them 
and space is much less than at lower levels, such situations are 
less protected from the chilling effects of terrestrial radiation. 
On the other hand, during calm summer weather, when solar 
radiation is greatest, the temperature generally rises as high in 
many situations 1000 feet in elevation as it does at places adjacent, 
but near the level of the sea. As a practical illustration of this, 
it may be stated that peaches and apricots ripen in Strathdon, 
Aberdeenshire, at about 1000 feet above the sea, whereas all 
along the west coast to the extreme. south of Scotland, the heat 
received from the sun is not sufficient to ripen these fruits. 

209. In illustration of this subject, Glaisher has made observa- 
tions in his balloon ascents, the general results of which he thus 
summarises : " Within the first 1000 feet the average space passed 
through for 1° was 223 feet with a cloudy sky, and 162 feet with 
a clear sky. At 10,000 feet the space passed through for 1° was 
455 feet for the former, and 417 fefet for the latter ; and above 
20,000 feet the space with both states of the sky was 1000 feet 
nearly for a decline of 1°."* These rates of decrease refer 
to the temperature of the atmosphere at different heights above 
the ground, which probably are altogether different from the 
rates of decrease for places on the earth's surface at these heights 

* Travels in the Air, p. 85. 
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above tlie level of the sea — this being the phase of the problem of 
which meteorologists most generally require to attendpt a solution 
in constructing isothermal charts, and in many other physical in- 
quiries. Thus the rate at which the mean temperature falls with 
tiie height is a very variable quantity — varying with the latitude, 
the situation, the dampness or dryness of the air, calm or windy 
weather, and conspicuously with the season of the year and the 
hour of the day. Accordingly, much diversity of opinion exists 
regarding the rate of decrease to be allowed in reducing tempera- 
ture observations to sea-leveL One degree Fahrenheit to every 
300 feet is the rate of decrease generally adopted. . But the law, 
through its variations, requires yet to be stated. 
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CHAPTEE VII. 



RELATION OF TEMPERATURE TO ATMOSPHERIC PRESSURE. 

210. The relation which subsists between the temperature of 
a portion of the earth's surface and the atmospheric pressure at 
that place as compared with the atmospheric pressure of neigh- 
bouring regions at the same time is all-important, especially in 
its bearings on many questions affecting the practical business of 
life. The relation is a simple one, and admits of clear illustra- 
tion. 

211. Example 1. During the severe frost which prevailed in 
Great Britain from the 1st to the 21st of January 1867, the fol- 
lowing were the mean pressures, reduced to 32° and sea-level, at 
different places from Iceland to the English Channel for these 
three weeks : — 

Inches. 

Reykjavik, Iceland, 30.262 

Thorshavn, Faro, 29.941 

Inverness. 29.758 

Edinburgh, 29.692 

Jersey, 29.604 

The wind during the time blew from N., N.E., and E. on ten days 
more than the average of the month ; in other words, the air 
flowed from the region of high towards that of low pressure in 
the manner previously described. The immediate cause of the 
singularly low temperature which prevailed is seen at once, it 
being' plain that Great Britain was then in the stream of a power- 
ful northerly current flowing over Western Europe. In Orkney 
the temperature of the month was 6°. 9 below the average, whilst 
on the Solway Firth it was only 4°.2 ; on the Moray Firth it was 
8°.4, but on the Firth of Forth it was only 4°.6 below the average, 
and at Jersey 3°. Hence places in the north suffered a greater 
depression of temperature than places farther south. 
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212. ExampU 2. During the mild weather of February 1867 
the following were the mean pressures : — 



Stykkisbolm, Iceland, 
Thorshavn, Faro, 
Sandwick, Orkney, 
Dundee, . 
Silloth, . 
Bournemouth, . 
Jersey, 



Inches. 
29.320 
29.521 
29.655 
29.818 
29.903 
80.129 
30.166 



Along with this distribution of the pressure there prevailed over 
this part of Europe a remarkably strong equatorial current, the 
winds being almost wholly S., S.W., and W., thus bringing over 
Great Britain the warmth of southern latitudes. The mean tem- 
perature of Scotland for the month rose 4° above the average, being 
absolutely the highest mean temperature for February recorded. 
The greatest excess of temperature, 4°.7, occurred in the south, 
and the least, 2°.6, in the extreme north of Scotland. The mild- 
ness of the month was remarkable from its being immediately 
preceded by the almost unprecedentedly cold weather of January, 
and immediately followed by equally severe weather in March. 

213. Example 3. For April 1867 the following were the mean 
pressures : — 

Inches. 
Stykkisbolm, Iceland, .... 29.667 



Thorshavn, Faro, 
North Unst, Shetland, 
Sandwick, Orkney, . 
Dundee, . 
Silloth, 
Jersey, 



29.522 
29.521 
29.520 
29.588 
29.640 
29.937 



Here it will be observed that there was not, as in the previous 
examples, a regular decrease of atmospheric pressure all the way 
from south to north, or vice versa, but that the lowest mean pres- 
sure occurred over a somewhat broad area, extending from Orkney 
to Faro, south and north of which the pressure rose. With this 
arrangement of the pressure, winds in Iceland and Faro were 
almost wholly N.E. and E. ; but, on the other hand, in the south 
of Scotland they were as decidedly S.W. and W. In consequence 
of which, in the north the temperature was below the average, to 
the extent of 6° in Iceland and 2° at Faro ; but in the south the 
temperature was above the average, being 2°.6 at Jersey and 1°.8 
in the south of Scotland, from which it diminished northward, to 
0°.7 in Orkney. Over the region of low pressure a good deal 
more rain fell than fell to the north and to the south of it. It is 
often under such conditions as this that long-continued raioft 
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occur — Yiz.f in an area of low pressure having a higher pressure 
on each side of it ; on the northern side the rain is cold and the 
weather raw, and on the southern side the weather is close and 
warm. 

214. Examples 4 and 5. — The fine weather of Novenibefr 1867, 
and the warm weather of September 1865. — During these two 
months the pressures were as under : — 





November 1867. 


September lSd5. 




Inches. 


Inches. 


Stykkisbolm, Iceland, 


29.914 


29.464 


Thorshavn, Faro, 


80.100 


• •• 


Kirkwall, Orkney, 


80.099 


80.006 


Stomoway, Lewis, . . " . 


80.088 


80.035 


Diinrobin, Sutherlandshire, . 


80.202 


30.088 


Aberdeen, 


80.203 


80.181 


Caimdow, Head of Loch Fyne, 


80.250 


80.123 


Smeaton, Haddingtonshire, 


80.279 


30.176 


Auchend^e House, Ayrshire, 


80.297 


30.171 


Jersey, 


80.278 


80.240 



It will be seen that during November 1867, which may be re- 
garded as one of the finest Novembers on record, atmospheric 
pressure over the British Islands was xmusually high, and varied 
little from The Channel to Iceland, but that such variation as 
was, showed a gradual increase on proceeding southwards. Hence 
the motion of the atmosphere from south to north kept up the 
temperature ; and frost, which might have been expected at the 
season with the still atmosphere which prevailed at the time, 
rarely occurred — ^its occurrence being checked by the amount of 
vapour in the air brought by the southerly current. If this state 
of things had occurred in summer, when the sun*s heat is great, 
we should have experienced a tract of the finest summer weather 
accompanied by great heat. This is what took place during 
September 1865. On the fortnight ending the 16th, during which 
the barometric relations were most completely fulfilled, the mean 
temperature rose above the average 6°.3 in Orkney, 8°. 5 at 
Belfast, 7°.3 at Aberdeen, 8° at Manchester, 8^6 at Yarmouth, 6°.9 
at Brussels, and 10°.3 at Paris. 

215. An important and vital distinction must be carefully 
noted. When high pressures, with little variation, prevail over 
the British Islands, the temperatures which accompany them are 
determined by this circumstance — ^viz., if the pressure increases, 
however little, towards the south, so as to appear to issue from or 
have its origin in that quarter, the temperature will be relatively 
high ; but ^, on the other hand, the pressure increases as we go 
northwards, then the temperature will be low. Thus, if during 
November 1867 the order of the pressures had been reversed — 
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that is, if instead of becoming lower in advancing northward they 
hod been higher — severe frosts would no doubt have been the 

216. It is the general relation of its atmoapheric pressure to that 
of smraimding regions which gives to the climate of Great Britain 
its distinctive features. These general relations during January 
and July may be seen by exaniining Plates I. and II., ffom which 
the south-westerly direction of the winda which prevail in these 
months is tbe necessary consequence, as well as the peculiar dis- 
tribution of tbe temperature as figured on the small charts on pt^es 
71 and 75. In addition to the examples already adduced, another 
may be added which places in a remarkably clear light the con- 
nection between these two important meteorological elements. 

217. Example 6.— The Great Froet of DecertAer I860.— This 
jnemotable frost, imquestionably tbe severest that has occurred in 




Fig 19. 

Scotland during at least tbe present century, may be considered 
as having commenced with a heavy fall of snow on the 18th, and 
to have contmued till the 2Gth I have laid down the isobaric 
curves for Europe and Western Asia for each day. The general 
result i<< shown by a chart fig 19 representing the average prea- 
Buie dnnng these nine days Tbe mean direction of tbft tni<^ 
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during the time is shown by arrows. Compare this chart of 
the pressure with Plate I., representing the mean pressure for 
January, which is nearly that of the period of l&e year when this 
great frost occurred. It is seen that from the 18th to the 26th 
December I860, the isobaric lines did not lie as usual from 
W.S.W. to E.N.E., and show a gradual diminution of pressure 
from the south of Europe to Iceland, but that they indicated an 
enormously high pressure in Western Asia, which extended, in a 
modified degree, into Northern and Eastern Europe, while at the 
same time pressure was low over the rest of Europe and in the 
north of Africa. Now it was by the enormous drawing force 
which the widespread low pressure over Europe called into play, 
that the cold, diy, heavy air of Russia and Siberia was drawn 
over Great Britain and other parts of the Continent. The arrows 
show a continuous stream of this air flowing from Tobolsk west- 
ward through Russia, crossing the Scandinavian peninsula, and 
descending over Scotland as a northerly wind. At the same time 
the surface of Scotland was imder a thick covering of snow ; and 
the differences of pressure being at the same time comparatively 
small, light winds and calms prevailed. This desiccated air per- 
mitted terrestrial radiation to proceed almost unchecked; the 
thick covering of snow, which is a bad conductor of heat, arrested 
the descent of the cold downward into the soil, and the calm 
state of the atmosphere to a great extent prevented its difiusion 
upwards through the air. Hence almost all the cold of radiation 
necessarily accumulated on the surface of the earth ; and as the 
coldest air is the densest and the heaviest, the frost was severest 
in low-lying localities. On Christmas night the exposed ther- 
mometer fell at Carstairs, Lanarkshire, to — 20° ; the protected 
thermometer at Castle Newe, in Aberdeenshire, to — 12° ; and 
the mean temperature of the whole of the eastern slope of Scot- 
land fell' to 6°.5, being about 27° below the average. On the 24th 
the highest temperature at Paisley was only 3°.5, and the lowest 
— 5° 0, thus giving — 0°.8 as the mean temperature of the day. 
When the causes conspiring to bring about frosts so intense as 
that of Christmas 1860 are kept in mind — ^viz., an extraordinary 
distribution of pressure similar to that exhibited in fig. 18, caus- 
ing a stream of desiccated air to pass over Great Britain ; the sur- 
face of the ground covered with snow ; and the atmosphere calm, 
or nearly so— it is easy to see why great frosts so rarely occur in 
the British Islands. 

218. The importance of these investigations is immensely 
enhanced when we consider the intimate relation which subsists 
between the march of temperature and the death-rate. This 
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great cold increased the death-rate to a fearful extent ; indeed, 
more deaths wett, occasioned by it than when cholera or any 
other pestilence $Utkn over the land. With a more extended 
field for daily weather-telegrams, the notification of the approach 
and continuance of weather so disastrous to the weak might be 
shown to be possible ; and if so, the physician could then take 
the necessary precautions to secure for such as require it an arti- 
ficial atmosphere of warmer and moister air, and thus extend the 
sphere of his usefulness in assuaging suffering and prolonging 
life. 

219. Interruptions op Temperature. — It is well known that 
in no year does the temperature regularly increase till it reaches 
the m.aximum in July, and thence fall without interruption to the 
minimum in January. It might be supposed, however, that if 
the mean temperature of each day of the year was deduced from 
a series of observations extending over many years, a close 
approximation, if not an absolute agreement, with such a regular 
increase and diminution woiQd be arrived at. The results of all 
observations hitherto made are unanimous in telling that such is 
not the case ; but that, on the contrary, there are certain periods, 
more or less well defined, when the temperature, instead of rising, 
remains stationary, or retrogrades — instead of falling, stops in its 
downward course, or rises — and at other times falls, or rises for a 
few days at an accelerated rate. These interruptions illustrate 
the connection between the pressure and temperature of the 
atmosphere. 

220. Some of these periods are to a certain extent publicly 
recognised, and have a place among the weather apophthegms 
current in different countries, thus evidencing the degree to which 
they obtrude themselves on public attention. One of the best 
marked of these periods occurs from about the 11th to the 14th 
of April, or about the beginning of April, Old Style. This is the 
cold weather commonly known as the Borrowing Dats in Scot- 
land. There are several rhymes descriptive of it, of which the 
oldest is evidently the following ; — 

** March borrows frae April 
Three days, and they are ill : 
The first o' them is wiin' an' weet ; 
The second it is snaw and sleet ; 
The third o' them is a peel-a-bane, 
And freezes the wee bird's neb tae stane." 

This is a capital description, giving by a few simple but bold 
touches the principal features of one of the bitter " norlan' blasts " 
or sterms of the spring equinox ; and it is all the more aAcvisA.ti^ 
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inasmuch as these interruptions of temperature are more or less 
connected with storms. A period of cold weather also occurs in 
the middle of May. This cold is very extensively distributed, as 
is shown not only by its appearance in meteorological records, but 
also from its prominent position among the "weather saws" of 
every country in Europe. 

221. In Scotland the following interruptions occur from year to 
year, with rare exceptions, ia the annual march of the tempera- 
ture: — 



Six cold x>eTiod8. 

1. 7th to 10th February. 

2. 11th to 14tli April. 

3. 9th to 14th May. 

4. 29th June to 4th July. 

5. 6th to 11th August. 

6. 6th to 12th November. 



Three warm periods. 

1. 32th to 15th July. 

2. 12th to 16th August. 

3. 3d to 9th December. 



222. These interruptions are wholly determined and regulated 
by the wind. Nothing could present this in a clearer light than the 
winds which prevail during the November and December periods. 
During the cold period of November, winds from the N.E., N., and 
N.W. are in the proportion of 35 per cent, while winds from the 
SJS., S., and S.W. are 29 per cent. On the other hand, during the 
mild period of December, winds from the S.E., S., and S.W. are 
in the proportion of 69 per cent, while the winds from the N.E., 
N., and N.W. are only 5 per cent. 

223. But since the wind is only an effect resulting from differ- 
ences between the atmospheric pressure in Scotland and that of 
neighbouring regions, the atmospheric pressure might be expected 
to explain the interruptions of temperature. It was found on ex- 
amination to hold universally during the cold periods that pressure 
is higher to the north of Scotland and lower to the south, thus 
drawing a northerly or easterly current over Scotland, thereby 
depressing the temperature ; and during the warm periods that 
pressure is higher in Scotland than in places to the north, thus 
drawing over the country the warm stream of the equatorial cur- 
rent. Thus the unusually cold or warm periods which occur with 
considerable regularity at certain times of the year depend on the 
distribution of the pressure at the time. The prevalence of par- 
ticular distributions of the mass of the earth's atmosphere over 
this portion of the earth's surface at stated seasons is a valuable 
fact in meteorology, and the more so from the light it seems to 
cast on the periodicity of weather-changes. 

224. The commencement of each of these anomalous periods is 
subject to variation from year to year ; during the past fifty years 
some of them appeared every year between the dates specified, 
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and none failed to make their appearance on more than five of the 
years. Being alao of short duration^ seldom exceeding six days/ 
and most frequently limited to three or four days, they are sudden 
and striking — ^thus differing in character from other well-known 
anomalies of longer duration. An examination of the isobaric curves 
during the time of the interruptions will, by accurately defining 
the region over which they spread, doubtless lead to a better know- 
ledge of their causes. 

225. From these principles it is plain that the climate of Scot- 
land is determined by the relations which most commonly exist 
between its atmospheric pressure and that of surrounding regions ; 
and since the same principles are applicable to the whole atmo- 
sphere, it foUows that mean monthly isobaric charts furnish the key 
to the climates of all parts of the globe in the different seasons of 
the year. For the direction of prevailing winds thus becomes 
known, and these are warm or cold, and dry or wet, as may be 
determined by the regions from which they blow. 
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OHAPTEE VIII. 



THE MOISTURE OF THE ATMOSPHERE. 

226. The Two Atmospheres of Air and Vapour, — The gaseous 
envelope which surrounds the earth may be considered as com- 
posed of two distinct atmospheres — an atmosphere of dry air and 
an atmosphere of vapour. The dry air (oxygen and nitrogen) is 
always a gas, and its quantity constant from year to year ; but 
the vapour of water does not always remain in the gaseous state, 
and the quantity present in the atmosphere is, by the processes 
of evaporation and condensation, varying every instant. 

227. According to the strength of the force of cohesion which 
draws the particles of matter together, as compared with the re- 
pulsive energy of heat which drives them asunder, so is the body 
solid, liquid, or gaseous. In solids and liquids the cohesive force 
is in excess, whilst in gases it is absent. If a little water be 
poured into a vessel it will only rise to a certain level, and leave 
the rest of the vessel xmoccupied. On the contrary, gases and 
vapours completely fill the vessels in which they are, showing 
that there is a mutual repulsion among their particles. Since, 
then, the particles constantly tend to recede from each other, they 
exert an outward pressure on the sides of the vessel, and the 
amount of this pressure is proportioned to the repulsive force, 
or to the elasticity of the gas. 

228. Since a gas completely fills the vessel which contains it, it 
follows that its volume is determined by the pressure to which it 
is subjected. The law of the compression of gases was discovered 
by Boyle and Marriotte, and is generally known as Marriotte's 
Law. It is as follows : At the same temperature, the volume 
occupied by the same gaseous mass is in inverse ratio to the pres- 
sure which it supports. Consequently the density and tension of 
a gas are proportioned to the pressure — ^that is, air under a pres- 
sure eqaal to that of two atmospheres will only occupy half the 
bulk it occupied when under the pressure of one atmosphere ; 
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under the pressure of three atmospheres, one-tnird of that bulk, 
&c. At the pressure of 770 atmospheres, air would become as 
dense as water. By doubling the pressure we double the sjdsti- 

city. • . ' 

229. This law is true for air at all pressures and temperatures 
which have hitherto been tried ; but not for the vapour of water, 
either as respects pressure or temperature.' With small pressures 
the vapour of water follows the law ; but with great pressures the 
space occupied is less than would have been if the law had been 
observed, because part of the vapour passes into the liquid state. 

230. Since it is the repulsive energy of heat which keeps the , 
particles of bodies asunder, an increase of temperature will add to \ 
the elasticity of gases, and a decrease of temperature diminish it. 
Conversely, if part of the pressure exerted on a given quantity of 
gas be removed, the gas wUl increase in bulk find fall in tempera- 
ture ; but if the pressure be increased, the volume of gas will be 
less, and its temperature higher. Since the pressure is diminished 
as air ascends, and increased as it descends, in the atmosphere, 
currents of air become colder as they ascend and warmer as they 
descend. This law applies to air at all temperatures, but it does 
not apply to the vapour of water. 

231. There is another property of gases and vapours by which 
they are distinguished from liquids. If mercury, water, and oil 
be poured into a vessel, they will settle according to their densi- 
ties, — ^mercury on the bottom, oil on the top, and water between 
the two ; and they will remain in these relative positions without 
exhibiting any tendency to mix together. But if gases of dif- 
ferent densities be put into the same vessel, they ^ill not arrange 
themselves according to their densities, but will ultimately be 
diffused through each other in the most intimate manner. Each 
gas tends to diffuse itself as in a vacuum — ^the effect of the pre- 
sence of other gases being only to diminish the rate of expansion, 
and thus retard their mutual diffusion. This equal intermixture 
occurs with all gases and vapours which do not act chemically on 
each other, and when once such a mixture is effected it remains 
permanent and uniform. Of this, common air, which is a mix- 
ture of oxygen and nitrogen, is an example. As regards the atmo- 
sphere, the law is, that vapour diffuses itself through the dry air, 
the presence of the air having only the effect of retarding the rate 
of its diffusion. 

232. If the vapour of water remained permanently in the at- 
mosphere — that is, were not liable to be withdrawn from it by 
being condensed into rain-drops — ^the mixture would be as com- 
plete and uniform as that of the oxygen and nitrogen. '&\vi;.\}Gk& ^^:^- 
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librium of the vapour atmosphere is being constantly disturbed by 
every instance of condensation, by the ceaseless process of evapora- 
tion, and by every change of temperature. From these considera- 
tions, and from the circumstance that dry air greatly obstructs the 
free diffusion of the vapour, it follows that the law of the inde- 
pendent pressure of the vapour and of the dry air of the atmo- 
sphere does not absolutely hold good ; but that from the constant 
effort of the vapour to attain to a state of equilibrium there is a 
continual tendency to approach this state. Since the equal diffu- 
sion of the dry air and the vapour is, owing to these disturbing 
causes, never reached, the observations of the hygrometer only 
indicate local humidity. Hence they should never be regarded as 
anything more than approximations to the quantity of vapour in 
the atmosphere over the place of observation. It should, how- 
ever, be added, that though in particular cases the amount of 
vapour indicated by the hygrometer may be wide of the mark, yet, 
in long averages, a close approximation is obtained, except in 
confined localities which are exceptionally damp or exceptionally 
dry. 

233. Vapour is continually passing into the air from the surface 
of water and other moist surfaces at all temperatures by evapor- 
ation (Lat. e, off; and vdpor^ vapour). Evaporation cdso takes 
place from the surface of snow and ice. Since the vapour is sup- 
plied only from the surface of the water, the extent of surface 
in contact with the air determines the amount and rate of evapo- 
ration. By the increase of temperature the elastic force of the 
vapour in the atmosphere is increased, and with it the rate of 
evaporation. The atmosphere can contain only a certain amount 
of vapour, according to the temperature ; hence, when it already 
has in suspension its full complement, or when it is saturated with 
moisture, evaporation ceases. Conversely, evaporation would be 
greatest where the air is perfectly dry or free from vapour. Since 
currents of air remove the saturated air and substitute drier air to 
the evaporating surface, evaporation is much more rapid in windy 
than in calm weather. Though the quantity of vapour required 
to saturate a given space is the same, whether that space be occu- 
pied with air or be a vacuum, yet the time occupied in completing 
the saturation increases with the pressure on the surface of the 
fluid. When water evaporates into a vacuum, the maximum 
density of the vapour is acquired at once ; but when it evaporates 
into air, it is not acquired till some time has elapsed. And since 
every addition to the vapour increases the pressure, the rate of 
the evaporation is under these circumstances continually dimin- 
ishing. 
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234 Evapometer. — ^The instrument for measuring the quantity 
of water which the atmosphere takes up from the surface of 
water in the form of vapour in a given time, is called an Evapo- 
meter (Lat. e, oSjVdpor, vapour ; and Gr. metron, a measure). In its 
simplest fonn it consists of an evaporating dish, about 5 inches in 
diameter, with an overflow-pipe a little below the surface fitting 
into a bottle, and furnished with a wire-work cover. The amount 
of evaporation is ascertained by filling the dish to the point of 
overflowing, which is, let us suppose, 3 inches of water. An 
ordinary rain-gauge goes along with it for the purpose of ascer- 
taining the amount of rain which may fall. In making an obser- 
vation the water remaining in the dish is measured, together with 
any that may be in the receiving-bottle, and also the depth of rain 
fallen. Add the rainfall to the 3 inches, then add the water re- 
maining in the dish to that contained in the bottle ; and the 
difference of the two sums is the amount evaporated. 

235. The A tmometer (Gr. atmos, vapour, and metron, a measure), 
fig. 20, is of a very simple construction, and possesses some prac- 
tical value. It consists of a long glass tube graduated 

into inches, having attached to the bottom a hollow 
ball of porous earthenware similar to that used in water- 
bottles. In using it, water is poured in at the top till 
it rises to the zero point of the scale. The outside of 
the porous ball being always covered with dew, the 
more rapid the evaporation, the more quickly will the 
water fall in the tube. 

236. Loss of Heat hy Evaporation. — One of the most 
obvious consequences of evaporation is the loss of heat. 
During the conversion of a liquid into the gaseous form, 
a large quantity of heat disappears. Since this heat 
becomes imperceptible to the senses, or to the thermo- 
meter, as long as the gaseous state is retained, the heat 
is said to become latent (Lat. IdteOy I lie hid). The 
heat which thus appears to be lost is not destroyed, but 
may be made evident by bringing back the vapour to its 
original liquid state. In the gaseous state the force of 
the heat is expended in keeping the particles of vapour 
further apart than in the liquid state, and hence the 
thermometer is not affected by it. The change of water 
into vapour by evaporation being thus productive of cold, 
and the conversion of vapour into water by condensation 
productive of heat, a few consequences follow. The ocean ^^* ^* 
loses more heat from evaporation than the land, because the quan- 
tity evaporated from its surface is much greater. A^guiL^usbS^ 
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more rain falls on land than on sea^ especially in hilly and moun- 
tainous countries, the temperature of the air over the land will be 
still further raised by the latent heat thus given out. It is for this 
among other reasons that the mean temperature of the northern 
hemisphere is higher than that of the southern hemisphere. 

237. Efft(A of Drainage on the Temperature of the Soil, — 
Theory should lead us to expect that the temperature of drained 
land would be higher than that of undrained land, because being 
drier, less heat is lost by evaporation. From observations made 
to test this point, the following results have been arrived at : 
1. The mean annual temperature of arable land is raised nearly a 
degree (0*^.8) by drainage. 2. The temperature of hill pasture is 
also raised by drainage, but not to the same extent (0^4). 3. Dur- 
ing sudden falls of temperature and during protracted cold weather, 
such as when the soil is under a covering of snow, the cold passes 
more quickly and completely through undrained than through 
drained land. 4. When the temperature of the air is higher than 
that of the soil, drained land receives more benefit from the 
higher temperature than undrained land, less of its heat being 
lost by evaporation. 5. Since, when rain or sleet falls, the super- 
fluous moisture soon flows away from drained land, drainage tends 
to maintain in the soil a comparatively equable temperature; 
whereas undrained land is liable to considerable fluctuation, for 
when soaked with warm rain-water its temperature is temporarily 
raised, and when soaked with melted snow it is temporarily lowered. 
6. The temperature of drained land is in summer occasionally raised 
above undrained land 3", often 2°, and still more frequently 1°.5 ; 
and hence the beneficial effects of drainage are sometimes as great 
as if the land had been transported 100 or 150 miles southwards. 

238. In 1847 Professor James Elliot made a number of experi- 
ments which throw some light on this question. He showed that 
peat-moss absorbs more than twice its own weight of water, dry 
clay nearly its own weight, dry earth or garden mould more than 
half its own weight, and dry sand little more than a third of its 
own weight. With equal times of drying under the same circum- 
stances, peat-moss lost } of all the water it contained, clay and 
earth each more than f , and sand more than -f^. Evaporation 
was greater from the surface of loose earth than from the surface 
of water, till the earth became so far dry as to be of a light colour. 
Evaporation from saturated moss was excessive during the first 
day, being far more than from the surface of water ; but on the 
second day the water began to evaporate more, and on the third 
day very much more, than the moss^ although the moss was still 
wet 10 inches below the surface. 
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239. Six years ago, D. Milne Home of Wedderbum made the 
following experiment : Two boxes of the same size were taken and 
filled, one with sandy loam, and the other with strong clay. Each 
was suspended at the end of a balance, and so adjusted that the 
one box was exactly equal in weight to the other. An equal 
quantity of water was poured into each box. Before a week had 
elapsed, the box with the sandy loam rose above the level of the 
other box, showing that more water had evaporated from it than 
from the strong clay; and during that time the temperature of the 
sandy loam was almost always lower than that of the clay. 

240. From these experiments it may be concluded that in all 
cases the amount evaporated from wet substances, and the con- 
sequent decrease of temperature, are proportioned to the number 
of evaporating points, or to the whole extent of the evaporating 
surfaces in contact with the air ; this explains why evaporation is 
greater from wet moss and grass than from wet soils, and greater 
from wet soils than from a surface of water. But as evaporation 
proceeds and the substances begin to dry, the rate of evaporation 
is modified by the facility with which the water is drawn by 
capillary attraction from the interior of the substances to their 
evaporating surfaces. Thus dry sand parts with its moisture 
quicker than common mould, common mould quicker than clay, 
and clay quicker than peat-moss. In respect of evaporation, 
drainage affects the temperature of the soil in two ways : (1) By 
keeping the soil dryer, and so diminishing the evaporation, a 
higher temperature is maintained. (2) Since a dry soil is more 
friable than a wet soil, and therefore presents more evaporating 
points, it is probable that on soils bare or nearly bare of vegetar 
tion, and freely exposed to the influence of the weather, drainage 
lowers the temperature for some time after rain, or so long as the 
evaporation exceeds that of undrained land. When the soil is 
covered with vegetation, this peculiarity can only obtain to a very 
limited degree. The conversion of a swamp or a low-lying damp 
piece of ground into a lake will add matericJly to the dryness and 
amenity of the climate of the surrounding district ; and the rainier 
the locality the greater will be the advantage gained. 

241. The Hygrometry of the A tmasphere. — ^At all temperatures, 
even the lowest, moisture exists in the atmosphere in an invisible 
state, so that the air is never absolutely dry. Intervals occur 
between the particles of air which are partially filled with the 
vapour that is constantly rising from the earth. This property is 

^termed the capacity of the air for moisture, and when the inter- 
vals between the particles contain as much vapour as can be main- 
tained in tbe gaseous state, the air is said to be saturated. 
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242. An increase of temperature, by expanding the air and thus 
separating the particles farther from each other, increases the 
capacity of the air for moisture. On the other hand, a fall of 
temperature, by drawing the particles closer together, diminishes 
the capacity. But the capacity of the air for moisture increases 
at a more rapid rate than the temperature. Thus, air can contain 
at 32° the 160th part of its own weight, at 59° the 80th part, and 
at 86° the 40th part ; the law being that for every increase of 27* 
the capacity is doubled. 

243. Hygrometer. — The instrument for ascertaining the amount 
of vapour in the atmosphere is called a hygrometer (Gr. hygrosy 
wet ; and metron, a measure). There is a great variety of hygro- 
meters, differing both in form 
and in principle of construc- 
tion. Some are formed of 
substances which, by readUy 
absorbing moisture from the 
air, and as readily parting with 
it, change in form and size, and 
Ihus give some indication of 
the amount of vapour present 
in the air. Of these the most 
noteworthy is the hair hygro- 
meter of Saussure, which, when 
the air is damp, absorbs mois- 
ture and becomes shorter, and 
when the air is dry, returns to 
its original length. The con- 
servatory hygrom/eter (fig. 21), 

constructed by Richard Adie, belongs to this class. The pointer 
is made of two pieces of wood glued together, so that increasing 
dampness twists it to the right, and increasing dryness to the left. 
Though of no scientific value, it may be turned to good account 
in the sick-room or in conservatories. 

244. It is this property of substances to be changed in bulk by 
absorbing moisture from the atmosphere, or by parting with it, 
which explains a large number of popular prognostics of the 
weather, especially such of them as refer to the feelings and 
conduct of animals, the opening and closing of flowers, and the 
lengthening and shortening of strings, cordage, and other ma- 
terials. 

245. Hygrometers constructed on the principle of absorption 
are faulty, not only because they are irregular in their action, 
but also because in the course of time they undergo great changes. 




Fig. 21. 
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The most accurate hygrometers are those constructed on the 
principles of condensation, or of evaporation. A familiar illus- 
tration of the principle of condensation is the forming of dew on 
a tumbler filled with cold water on being brought into a warm 
room. This dew is caused by the deposition of moisture from 
the air, which, in contact with the cold surface of the glass, is 
cooled below the point of saturation. The temperature of the 
glass at the moment dew begins to form on its surface is termed 
the dew-point, which corresponds with the point of saturation of 
the air. 

246. Daniell's and Regnault's hygrometers are constructed on 
the principle of this simple phenomenon, having only superadded 
to them certain contrivances for quickly 
reducing the temperature to any point 
that may be desired, and for observing 
the temperature at which dew begins to 
form with precision. Daniell's hygro- 
meter (fig. 22) consists of a glass tube 
bent at right angles at two points, with a 
bulb at each extremity. One of the 
bulbs is nearly filled with ether, into 
which the ball of a delicate thermometer 
is plunged. The other bulb is covered 
with muslin ; this being wetted with 
a few drops of ether, evaporation of 
the ether takes place, which quickly 
cools the bulb, and thus condenses the 
vapour of the ether which is within it. 
In consequence of this, evaporation 




Fig. 22. 



goes on rapidly from the ether inside the other bidb ; and the 
temperature of this ether and the bulb which contains it being 
thereby reduced, a ring of dew begins to be formed outside the 
bulb. At this instant the thermometer inside is read, and the 
reading gives the dew-point of the air at the time ; and the tem- 
perature of the air is given by the thermometer, which is freely 
exposed to the air on the upright stand. This is the simplest 
and cheapest of the two hygrometers, but Regnault's requires less 
time in making the observations. Owing to the trouble and 
expense attending the use of all hygrometers which give the dew- 
point directly by condensation, another hygrometer has come 
into general use by which the dew-point may be determined 
indirectly by evaporation — ^viz., the dry-andrwet-bulb thermo- 
meters, 

247. This hygrometer (fig. 23) consists of two ordiiaa.x'^ \sisst- 
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curial thermometers. . The diy-bulb is a common thermometer, 
"" iO show the tauperature of the air. The wet-bulb ie 
also a common thermometer, hav- 
ing ita bulb covered with a piece 
of thin muslin, from which paaa 
a few threads of darning cotton 
or narrow strip of muslin into a 
small vessel containing rain-water. 
Water rises by capillary attrac- 
tion from the vessel to the muslin, 
7I I I' "'■ '"'I thus keeping it constantly wet. 

-j ! !■■( ^1 When the air ia dry, evaporation 

proceeds rapidly from the moslin, 
and on account of the heat lost 
by evaporation the wet-bulb in- 
dicates a lower temperature than 
the dry-bulb. When the air ia 
damp, evaporation is slower, and 
the difference between the two 
thermometers becomes smaller ; 
-III "j ji'l and when the air is completely 

SSi _Lji ■ ^^ saturated evaporation ceases, and 

1 1 the two thermometers indicate 

J Ji the same temperatnre. 

W ^/ 246. Some precaution is re- 

quired in taking the observations 
when the temperature of the air 
is below 32°. In such cases, if 
the wet-bulb reads higher than 
the dry-bulb, the observation 
should not be recorded, the in- 
strument being for the time not in proper working order. If the 
water on the muslin be frozen, the readings are quite good, since 
evaporation takes place from ice as well as from water. But if 
the muslin be dry, it must first be wetted and then allowed to 
freeze before the observation is taken. A useful rule to observe 
in frosty weather is, to immerse the bulb and condncting-thread 
in water a^«i every observation, by which sufficient ice will still 
be adhering to the muslin at the time of the neit observation. 
Wlien the temperature of tlte ab rises above 32°, the wet-bulb 
must be plunged into warm water to melt any ice that may re- 
n it, after which it must be allowed sufficient time to c«o[ 




Fig. 23. 



before being observed. 
249. To keep this instrument L 



orking order a 
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points require to be attended to. Both thermometers must be 
exactly the same ; for if one is filled witib mercury and the other 
with spirit, or if they contain different quantities of Ihe same 
fluid, the readings will in either case be vitiated. All starch or 
foreign matter should be washed out of the muslin and cotton. 
The water used should be pure ; for if lime be dissolved in it, 
the muslin will soon be coated with a calcareous incrustation. 
Bain or distilled water should be used. The muslin ought to be 
changed when covered with dust or other impurities ; and care 
should be taken not to touch the muslin with the fingers, other- 
wise it will get slightly greased, and capillary attraction be inter- 
fered with. The bulbs of the two thermometers should be made 
to project 14 or 2 inches below the scales. The thermometers 
should also be a little apart from each other, and the glass vessel 
be, as in the figure, removed as far as possible from the dry-bulb. 

250. Since the mean of the temperatures observed at 9 am, and 
9 P.M. is nearly the mean temperature of the day, these are the 
hours to be preferred for observing the hygrometer. An addi- 
tional observation at 3 P.M., when the temperature is near the 
maximum, is recommended, as showing the greatest dryness of 
the air during the day. By these two observations, tlie tempera- 
ture of the air, as shown by the dry-bulb, and the temperature of 
evaporation, as shown by the wet-bulb, the following may be 
either determined, or approximated to, by means of tables con- 
structed for the purpose : (1) 'Hie dew-point ; (2) the elastic force 
of vapour, or the amount of the barometric pressure due to the 
vapour present in the atmosphere ; (3) the quantity of vapour in 
a cubic foot of air ; (4) the additional vapour required to saturate 
a cubic foot of air ; (5) the relative humidity ; and (6) the weight 
of a cubic foot of air at the pressure prevaiHng when the observa- 
tion is made. 

251. The formula of reduction, as deduced from Dr Apjohn's 
investigations, is as follows : Let F be the elastic force of saturated 
vapour at the dew-point, /the elastic force at the temperature of 
evaporation (the wet-bulb), d the difference between the dry and 
wet bulb, and h the barometric pressure, then 

•^ 88 ^ 30 
when the reading of the wet-bulb is above 32° ; and 

F=/-^X— 
•^ 96 '^ 30 

when the wet-bulb is below 32°. M. Regnault has determined by 
carefully-conducted experiments the value of the elastic force of 
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vapour.; the results are given in Table VI. From this table,/ 
is found ; and d and h being obtained by observation, F is calcu- 
lated. The dew-point is found from F by using Table VII. 
reversely, and finding the temperature opposite the elastic force 
calculated. To take an example : — Suppose the dry-bulb to read 
50° and the wet 45°, and the barometer 29 inches, then /=. 299 
inch (from Table VL); c?=50°-45°=5° ; and ^=29 inches. 
Hence 

F=x.299-— X— =-244. 

And from Table VI. we find the temperature opposite .244 to be 
39°.7, which is therefore the temperature of the dew-point when 
the dry-bulb is 50° and the wet-bulb 45°. To obviate such labo- 
rious calculations Mr Glaisher has elaborated a series of factors 
from the combination of simultaneous observations of the dry 
and wet bulb thermometers with Daniell*s hygrometers. These 
factors are given in Table VII. "We shall find the dew-point of 
the above example by them. The factor opposite the diy-bulb 
50° is 2.06, and the difference between the two thermometers is 
5°, therefore 

2.06X5=10.3, 

and hence the dew-point =:50*—10'.3, or 39°. 7, as before. 

252. Relative Humidity, — In calculating the relative humidity, 
saturation is assumed to be 100, and perfectly dry air 0. The 
relative humidity is found by dividing the elastic force of vapour 
corresponding to the temperature of the dew-point by the elastic 
force corresponding to the temperature of the air, and multiplying 
the quotient by 100. Thus elastic force at 39°.7 is .244, and at 
50° .361 ; dividing and multiplying by 100, we find the relative 
humidity to be 68 when the dry-bulb is 50° and the wet-bulb 45°. 
Valuable and copious tables for facilitating the processes of find- 
ing the dew-point, humidity, and other elements specified above, 
have been published by Mr Glaisher, These tables are indispens- 
able to every meteorologist, 

253. Dew-point. — The ascertaining of the dew-point is of great 
practical importance, particularly to horticulturists, since it in- 
dicates the point near which the descent of the temperature of 
the air during the night will be arrested. For when the air has 
been cooled down by radiation to this pomt, dew is deposited and 
latent heat given out. The amount of heat thus set free being 
great, the temperature of the air is immediately raised. But as 
the cooling by radiation proceeds, the air again falls to, or slightly 
tuider, the dew-point ; dew is now again deposited, heat liberated, 
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and the temperature raised. The same process continues to be 
repeated, and thus the temperature of the air in contact with 
plants and other radiating surfaces may be considered a^ gently 
oscillating about the dew-point For if it rises higher, the loss of 
heat by radiation speedily lowers it, and if it falls lower by ever 
so little, the liberation of heat as the vapour is condensed into dew 
as speedily raises it. Thus, then, the dew-point determines the 
minimum temperature of the night. 

254. This suggests an important practical use of the hygro- 
meter. If the dew-point be ascertained, the approach of low 
temperatures or of frost may be foreseen and provided against. 
Thus, suppose on a fine clear spring day, towards evening, that 
the dry-bulb was SC and the wet 40° ; the dew-point at the time 
is therefore 29°.4. Frost on the ground may then be predicted 
^vith certainty, and no time ought to be lost in protecting such 
tender plants as may be exposed in the open air. If, on the other 
hand, with a sky quite as clear, the dry-bulb was 50° and the wet 
47° ; the dew-point being in this case 43°.8, no frost need be 
apprehended. The raising or depressing of the dew-point during 
the night by a change of wind, is the only circumstance that can 
happen to interfere with predictions founded on the hygrometer. 

255. Mastic Fwce of Vapour. — In an atmosphere of pure 
steam, its force at the earth's surface is the pressure it exerts ; 
and in an atmosphere of vapour and air perfectly mixed, the 
elastic force of each at the surface of the earth is the pressure of 
each. The elastic force of aqueous vapour would be the pressure of 
the whole vapour in the atmosphere over the place of observation. 
It is expressed in inches of mercury of the barometric column. 
Thus, suppose the total barometric pressure to be 30.000 inches, 
and the elastic force of vapour .450 inch, the weight of the dry 
air, or air proper, would be represented by 29.550 inches of mercury, 
and the weight of the vapour by .450 inch. The elastic force may 
be regarded as representing the absolute quantity of vapour sus- 
pended in the atmosphere subject to the modification stated in 
par. 232. It may also be termed the absolute himiidity of the 
atmosphere. It is greatest within the tropics, and diminishes 
towards the poles. It is greater in the atmosphere over the ocean, 
and decreases as we advance inland. It is greater in summer than 
in winter, and greater at mid-day than in the morning. It also 
diminishes with the height, but the average rate at which it 
diminishes is not known. The balloon ascents of Mr Glaisher and 
other aeronauts have thrown some light on the question. But the 
number of ascents are too few to warrant the drawing of general 
conclusions as to the mean rate of the decrease. The chief -^vo^ 

G 
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established is, tliat in particulax instances the decrease is generally 
very fer from uniform. Different strata are superimposed on each 
other, differing widely as regards dryness and dampness, and the 
transition from the one to the other is frequently sharp and 
sudden. 

256. Relative Humidity. — This must not be confounded with 
absolute humidity. Suppose the temperature of the air to be 40° 
and quite saturated with vapour, and then to be suddenly raised to 
50° without any addition being made to its vapour, its absolute hu- 
midity would in each case be the same ; but in the former case it 
would in popular language be said to be very damp, and in the 
latter case very dry. This palpable difference is expressed by the 
term relative humidity, or more briefly the humidity of the air. 
Thus, in the language of meteorologists, humidity of the air means 
the degree of its approach to complete saturation. When the hu- 
midity is 100, the air is completely saturated. If the humidity, 
when the temperature is about the average of the day, be 73, the 
air to an inhabitant of Great Britain would feel very dry, 73 
being about the lowest mean humidity that occurs in Scotland 
during May, the driest month. This low humidity is, however, 
greatly exceeded when the east winds of spring happen to acquire 
their greatest virulence and dryness, 

257. In the ocean, at a distance from the land, the humidity is 
great, and during the night generally approaches 100. In the 
interior of continents it is less, especially in sandy deserts, which 
allow the rain-water speedily to sink, thus drying the surface, and 
in rocky countries, which are never wetted more than on the sur- 
face. Thus at Djeddah, in Arabia, on 12th March 1866, the 
humidity was as low as 11. The humidity is greatest during the 
night, when the temperature is at the minimum ; it is also great 
in the morning, when the sun's rays have evaporated the dew, and 
the vapour has not yet had time to find its way up into the air ; 
and it is least during the greatest heat of the day and for some 
time thereafter, or before the temperature has begun percep- 
tibly to fall. Between the vapour present in the air and the 
temperature of the air there is a vital and all-important con- 
nection. 

258. Diathermxincy of the Air. — ^As substances are said to be 
transparent when they permit the rays of light to pass through 
them imimpeded, so bo(Hes are said to be diathermanous (Gr. dia, 
through, and therme, heat) when the rays of heat which fall on 
them pass freely through them, or when the rays of heat are not 
absorbed. Bodies possess perfect diathermancy when they allow 
all the rays of heat to pass through them. Thus perfectly dry air, 
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or air altogether free from aqueous vapour, allows heat to pass 
through it without being sensibly warmed thereby. But it is 
otherwise with the vapour of water or with a mixture rf vapour 
and air as these exist in the atmosphere, which obstruct the free 
passage of the heat of solar and terrestrial radiation. This is 
undoubtedly one of the most important conservative functions of 
the moisture of the atmosphere. For if the moisture was drained 
out of it, and its diathermancy thereby rendered complete, the 
sun's rays would bum up everything by their intolerable fierce- 
ness, and during night the escape of heat by radiation to the cold 
stellar spaces would be so swift and the cold so intense, that the 
whole living creation would be blighted by its withering touch. 
The earth would in truth 

" Feel by turns the bitter change 
Of fierce extremes, extremes by change more fierce, 
From beds of raging fire to starve in ice." 

It is the imperfect diathermancy of a moist though clear atmo- 
sphere, together with its high dew-point, which prevents the 
temperature of the air from falling to so low a point during the 
night as happens when the atmosphere is clear and dry. 
■ 259. Observations show that when the quantity of vapour in the 
air is great, the escape of heat by radiation is obstructed, and the 
temperature falls little during the night ; but when the quantity 
of vapour is small, radiation is less impeded, and the temperature 
rapidly falls ; and on the other hand, when the quantity of vapour 
is great, the temperature rises slowly, even although the sky be 
perfectly clear and the sun shining brightly; but when the quan- 
tity of vapour is small, the sun's rays have a freer access to the 
earth, and the temperature rapidly rises. The temperature is 
hottest during the day, when the air is driest, and evaporation 
consequently greatest. Since the extent to which the tempera- 
ture falls during dry nights owing to the evaporation is com- 
paratively small, the cause of night cold is radiation. 

260. In mountainous countries, where, on account of their 
height, little aqueous vapour is interposed between them and the 
regions of space, radiation, both solar and terrestrial, is least ob- 
structed, and consequeritly the alternations of heat and cold are 
very great. It is this which explains the scorching heat that sur- 
prises the Alpine tourist while travelling over fields of snow under 
a blazing noonday sun. And it is the same cause, the small 
amount of vapour in the air, that explains the intense heat expe- 
rienced in the direct rays of the sun in the polar regions, where 
Captain Scoresby observed it to melt the pitch on the side of the 
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ship exposed to the sun, while ice was rapidly forming on the other 
side. It has been proved that the power of solar radiation in the 
atmosphere increases from the equator to the poles, and from be- 
low upwards — ^a result quite in accordance with these remarks on 
the vapour of the atmosphere. 

261. The above considerations explain in part the nervous de- 
rangement and general unhealthiness produced by the east wind 
in spring ; for as the air is then very dry, the part of the person 
exposed to the sun's rays is greatly heated as compared with the 
part in shadow, and this strain on the physical frame few consti- 
tutions except the most robust can bear without positive discom- 
fort. On the other hand, exposure to the sun's rays in the tropics 
is, on account of the thick screen of vapour above, not attended 
with the intense heat which might have been expected. Nothing 
is more common than for natives of the West Indies and other 
warm moist climates to complain of the, to them, intolerable heat 
of the sun in our British climate in spring and early summer. 
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MISTS, FOaS, AND CLOUDS. 

262. Mists and fogs are visible vapours floating in the air near 
the surface of the esith. They are produced in various ways — 
by the mixing of cold air with air that is warm and moist, or 
generally by whatever tends to lower the temperature of the air 
below the dew-point. During a calm clear night, when the air 
over a level country has been cooled by radiation, and dew is 
begun to be deposited, the air in contact with the ground is 
lowered to the dew-point, and becomes colder than the air above 
it. Since in these circumstances there is nothing to disturb the 
equilibriimi and give rise to currents of air, and there being no 
cause in operation which can reduce the temperature much below 
the point of saturation, the air within a few feet of the surface 
remains free from mist or fog. But if the ground slopes, the cold 
air, being heavier, necessarily flows down and fills the lower 
grounds ; and since it is colder than the saturated air which it 
meets with in its course, it reduces its temperature below the 
point of saturation, and thus produces mist, or radiation fog, as 

' it is sometimes termed. When a lake, river, or marsh fills up 
the valley, the air, being thereby saturated, often gives rise to 
denser fogs ; but when the low grounds are sandy or dry, mist is 
less frequently produced. 

263. When an ocean-current meets a shoal in its course, the 
cold water of the lower depths is brought to the surface ; and in 
all cases where its temperature is lower than the dew-point of the 
air, fogs are formed over the shoaL This is well known to sailors, 
and the knowledge of it is often of great use in apprising them of 
their approach to land. For a similar reason icebergs are fre- 
quently enveloped in fogs. Analogous to the above is the mist 
which is sometimes seen to rise from rivers the temperature of 
which is lower than that of the air. The waters of the Swiss 
rivers which issue from the cold glaciers having a tem^eratuiA 
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considerably lower than that of the air, cool the air in contact 
with them below the point of saturation, and mist is thereby pro- 
duced. Similarly such rivers as the Mississippi, which flow 
directly into wanner latitudes, and are therefore colder than the 
air above them, are often covered with mist or fog. 

264. When rivers are much warmer than the air, they give rise 
to fogs, because the rapid evaporation from the warm water pours 
more vapour into the atmosphere than it can hold suspended in 
an invisible state, and consequently the surplus vapour is con- 
densed into mist by the colder air through which it rises. Thus 
deep lakes, and rivers flowing out of them, are in winter generally 
much warmer than the air, and hence when the air is cold and its 
humidity great they are covered with fogs. When Sir Humphry 
Davy descended the Danube in 1818, he observed that mist was 
always formed during the night when the temperature of the air 
on shore was from 3° to 6° lower than that of the stream ; but 
when the sun rose, and the temperatures were brought to an 
equality, the mist rapidly disappeared. The densest fogs occur 
during the cold months in large towns built on rivers — ^the causes 
which produce fogs being then at the maximum. 

265. In all these cases fogs are very locally distributed, being 
confined to the basin of the river or lake where they are formed, 
and do not extend far up into the atmosphere. There are, how- 
ever, other fogs that spread over large districts, which are due to 
different causes. Fogs often accompany the breaking up of frosts 
in winter. When the humid south-west wind has begun to 
prevail, and is now advancing over the earth's surface as a " light 
air," it is chUled by contact with the cold ground, and its abund- 
ant vapour thereby condensed into a widespread mist. 

266. Mountains are frequently covered with mist. Since the 
temperature of the air falls with the height, it follows that as 
warm air is driven up the slopes of the mountain by the wind, it 
becomes gradually colder, and its capacity for moisture is dimin- 
ished until condensation takes place, and the mountain is swathed 
with mist. Owing to the peculiarity of their temperature (par. 
132), forests have a marked effect on mists as well as on the rain- 
fall of mountainous regions. Mists often appear sooner on the 
parts of hills covered with trees than elsewhere. This happens 
especially when the mist begins to form after mid-day, because 
then the temperature of the trees is lower than that of the grassy 
slopes of the hills. Mists also sometimes linger longer over 
forests, probably on account of the increased cold arising from the 
large extent of evaporating surface presented by their leaves when 
drenched with mist. During his residence at the Cape of Good 



BilSTS, FOGS, AND CLOUDS. 103 

Hope, Sir JdiH Herscliel observed a remarkable illuBtratioa of 
the influence of trees in condensing the yaponr of the atmosphere. 
On the side of Table Mountain, £rom which the wind blew, the 
clouds spread out and descended very low, frequently without any 
rain falling, while on the opposite side they covered the mountain 
in dense masses of vapour. When walking beneath tall fir-trees 
at the time these clouds were closely overhead, he was subjected 
to a heavy shower of rain ; but on going out from beneath the 
trees the rain ceased. The explanation he gave of the phenomenon 
was, that the clouds were condensed into rain on the cool tops of 
the trees. And doubtless the innimierable fine leaves of the fir- 
trees, adding largely to the surfaces of evaporation, increased the 
cold, and thus condensed the vapours into a more copious shower. 

267. Extensive fogs also prevail where great differences occur 
in the temperature of neighbouring regions. Thus promontories 
running out into the sea are frequently covered with mist ; the 
reason is, that land being generally warmer than the sea in simi- 
mer and colder in winter, the difference of temperature is sufficient 
to give rise to mists with the veerings of the wind landward or 
seaward. The mists and fogs which frequently prevail on the 
coast are similarly explained. They generally occur in the morn- 
ing and evening, seldom advance far inland, and usually accom- 
pany fine weather. 

268. The British Islands, being boimded by the warm waters 
of the Atlantic on the one side, and separated from the Continent 
on the other only by narrow belts of sea, are subject to fogs dur- 
ing winter. For the same reason dense thick fogs are prevalent 
in Norway, Newfoundland, along the coast of Peru, and South 
Africa, and in the polar regions. The Gulf Stream is notorious 
for dense and long-continued fogs, which seriously obstruct the 
navigation of that part of the Atlantic, particularly at its northern 
limit, where it meets the arctic current. The high temperature of 
the stream, which is often from 16° to 18°, and on rare occasions 
30°, higher than that part of the sea past which it flows, accounts 
for the denseness and persistency of these fogs. 

269. Occasionally the summit of a hill or an isolated peak Is 
wrapped in mist or cloud, while elsewhere the atmosphere is 
clear ; and though a breeze be blowing over the hill, yet 

*' Overhead 
The light cloud smoulders on the summer crag/' 

apparently motionless and unchanged. This phenomenon is 
easily explained. The temperature at the top is below the dew- 
point of the atmospheric current. Hence when the air iiae& t^ 



104 MISTS, FOGS, AND CLOUDS. 

this region its moisture is condensed into cloud, which is borne 
forward over the top of the hill and down the other side, acquir- 
ing heat as it descends till it is again dissolved and disappears. 
Meanwhile its place is constantly supplied by fresh condensations 
which take place as the current, rising to the height of the cloud, 
falls below the temperature of saturation. Thus, though the 
cloud on the top of the hill appears to remain motionless and un- 
changed, the watery particles of which it is composed are contin- 
ually undergoing renewal. 

270. There is another sort of fog of occasional occurrence, differ- 
ing from any of the foregoing in several important particulars, 
which, from its relation to storms, is of great importance in mete- 
orology. It would appear to originate from the juxtaposition of 
two currents, one cold and dry and the other warm and humid. 
When such currents flow, roughly speaking, side by side, fog 
frequently fills up the comparatively calm space intervening 
between them. It may be supposed to result from the mixing 
together of the two currents, the cold current condensing the 
vapour of the moist current. It sometimes stretches several hun- 
dred miles in the form of a long narrow strip. At other times, 
and more usually, it is a precursor of storms which succeed fine 
dry weather, during which the wind has been chiefly from a dry 
quarter, such as the north-east. The south-west wind is seen to 
prevail in the upper regions of the atmosphere by the direction in 
which the thin cirrus cloud is blown, some time before it is felt 
on the surface of the earth. During this interval the moist cur- 
rent overlaps the cold current, and the fog which prevails is due 
to the mixing of the two. In discussing storms, fogs constitute 
one of the most important elements which call for consideration, 
and they supply valuable help towards the foretelling of storms. 

Clouds. 

271. Clouds are visible vapours floating in the air at some 
height above the ground, thus differing from mists and fogs, 
which float near the surface. Both arise from the same causes. 
During the warmest part of the day, when evaporation is greatest, 
warm moist air -currents are constantl}' ascending from the 
earth. As they rise in continuous succession, the moist air 
is pushed high up into the atmosphere, and losing heat by expan- 
sion, a point is at length reached when it can no longer retain in 
solution the moisture with which it is charged ; hence condensa- 
tion takes place, and a cloud is formed which increases in bulk as 
long as the air continues to ascend. But as the day declines, and 
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evaporation isr' Aecked, the ascending current ceases, and the 
temperature falling from the earth's surface upwards, the lower 
stratum of air contracts, and consequently the whole mass of air 
begins to descend, and the clouds are then dissolved by the 
warmth they acquire in falling to lower levels. 

272. The balloon ascents of Mr Glaisher and other aeronauts, 
as well as observations of the clouds, show us that the whole 
atmosphere, to a great height, is constantly traversed by many 
aerial currents superimposed on each other, and flowing in differ- 
ent, frequently in opposite, directions. Masses of air of differ- 
ent temperatures thus frequently combine together ; and since 
the several portions when mingled cannot hold in suspension the 
same quantity of vapour that each could retain before they were 
united, the excess is condensed and appears as cloud. 

273. But again, when a dry and heavy wind begins to set in, or 
take the place of a moist and light wind, it generally does so by 
edging itself beneath the moist wind and forcing it wedgewise 
into the upper regions of the atmosphere, where condensation 
rapidly follows, and dense black clouds, often heavily charged 
with rain, are formed. This is a frequent cause of cloud and rain 
in Great Britain, when cold easterly winds thrust high up into 
the air the rain-bringing south-west wind, thus causing it to 
darken the sky and pour down its surplus moisture in torrents of 
rain. Currents of air driven up the sloping sides of hills and 
mountains by the winds, have been already referred to as a fre- 
quent cause of the formation of clouds. 

274. How are clouds suspended in the air ? The example of a 
cloud appearing to rest on the top of a hill though a strong wind 
be blowing at the time (par. 269) suggests an explanation; the 
cloud itself may appear stationary or suspended, but the particles 
of which it is composed are xmdergoing constant renewal. The 
particles of visible vapour forming a cloud may be supposed to be 
upheld by the force of the ascending current at the top of which 
they are formed ; but when that current ceases to rise, or when 
they become separated from it, they begin to fall through the air 
by their own weight till they melt away and are dissolved in the 
higher temperature into which they fall. Hence, as Espy has 
reasoned, every cloud is either a forming cloud or a dissolving 
cloud. While it is connected with an ascending current, it in- 
creases in size, is dense at the top, and well defined in its out- 
lines ; but when the ascending current ceases the cloud diminishes 
in size and density. 

275. When a cloud overspreads the sky, its lower surface is for 
the most part horizontal, or more generally it seems, as it were^ a. 
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rough impression taken from the contour of the earth's surface 
beneath it This arises from the high temperature of the air 
below the cloud, which is sufficient to dissolve the particles as 
they descend into a lower stratum of the atmosphere. On ascend- 
ing through this lower stratum of cloud, the temperature is found 
frequently to rise, and the air to be quite clear of clouds for a con- 
siderable thickness. Higher up a second stratum of clouds suc- 
ceeds, and again another clear space, and so on, cloud and clear 
sky following each other several times in succession. These 
phenomena arise from the different currents which are encoun- 
tered, superimposed over each other and differing in temperature 
and humidity. 

276. Height of Clouds. — Kaemtz has collected the results 
arrived at by many observers, and deduced the heights between 
which clouds range as from 1300 to 21,320 feet. This extreme 
height is, however, much too small, as has been proved by balloon 
ascents. Thus Gay-Lussac, in September 1804, when at the 
height of 23,000 feet, saw clouds floating apparently at a great 
height above him ; and Glaisher has also made the same observa- 
tion. It is probable that the cirrus cloud is often ten miles above 
the earth. 

277. Since clouds are subject to certain distinct modifications 
from the same causes which produce other atmospheric phenom- 
ena, the face of the sky may be regarded as indicating the opera- 
tion of these causes, just as the face of man indicates his mental 
and physical states. The ancient meteorologist was content with 
discerning the face of the sky in predicting the coming weather. 
It is to the sky chiefly that the weatherwise sailor and the farmer 
look in foretelling the weather; and their predictions are fre- 
quently more correct than those which are made solely from the 
indications of the barometer and other meteorological instruments. 
The best system of weather-prediction comprises both methods. 
Considering, therefore, the importance of clouds, a nomenclature 
specifying their different modifications becomes necessary, in order 
that the experience of one observer may be communicated to 
others. The classification all but universally adopted is that 
published by Luke Howard in 1803. 

278. By this nomenclature clouds are divided into seven kinds ; 
three being simple — ^the cirrus (Lat. cirrus, a curl), the cumultbs 
(Lat. cUmiUuSy a heap), and the stratus (Lat strdtuSf spread or 
laid) ; and four intermediate or compoimd — the cirro-cumulus, the 
cirro-stratus, the cumuh' stratus, and the cumulo'cirrO'Stratus or 
nimbus (Lat nimbus, a black rain-cloud). 

279. Cirrus Cloud, — This cloud consists of parallel, wavy, or 
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diverging fibres which may increase in any or in all directions. 
Of all clouds it has the least density, the greatest elevation, and 
the greatest variety of extent and direction, or figure. It is the 
cloud first seen after serene weather, appearing as slender fila- 
ments stretching like white lines pencilled across the blue sky, 
and thence propagated in one or more directions, laterally, or up- 
ward, or downward. Sometimes the thin lines of cloud are 
arranged parallel to each other, the lines lying in the northern 
hemisphere from north to south, or from south-west to north-east ; 
somethnes they diverge from each other in the form of the tail of 
a horse ; whilst at other times they cross each other in different 
ways like rich delicate lace-work. It is probable that the fine 
particles of which this cloud is composed are minute crystals of 
ice or snow-flakes. The duration of the cirrus varies from a few 
minutes to many hours. It remains for a short time when formed 
in the lower parts of the atmosphere and near other clouds, and 
longest when it appears alone in the sky, and at a great height. 

280. The cirrus, though apparently motionless, is closely con- 
nected with the movements of the great atmospheric currents. It 
is this intimate connection which has long caused it to be con- 
sidered as a most valuable prognostic of stormy weather, and as 
such it deserves more attention than has hitherto been given to 
it. Small groups of regularly formed and arranged cirrus scat- 
tered over the sky often accompany fair weather with light 
breezes ; these do not indicate the approach of a storm for some 
time at least. Horizontal sheets of this cloud which fall quickly 
and pass into the cirro-stratus cloud indicate, in an unmistakable 
manner, continued wet weather. When streaks of cirrus run 
quite across the sky in the direction in which a light wind hap- 
pens to blow, the wind will probably soon blow hard, but it will 
continue in the same direction; in other words, the variable 
winds and fitful gusts which accompany storms are not likely to 
be experienced. When the fine threads of the cirrus appear 
blown or brushed backward at one end as if by a wind prevailing 
in these elevated regions, the wind on the surface will ultimately 
veer round to that point. If the direction indicated be from the 
south-west, whence the storms of Europe come, wind and rain may 
be expected; and it matters not how fair and settled-like the 
weather appear at the time, a storm more or less severe is advanc- 
ing, and may be looked for within 30 or 48 hours. But if, instead 
of this, innumerable groups and streaks of cirrus cover the sky, 
crossing each other in all directions, and presenting the appear- 
ance of skeins of yam inextricably tangled together, we may be 
sure that a second storm will shortly follow the one already 
past. 
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281. Cumulus, — This name is applied to convex or conical 
heaps of clouds increasing upwards from a horizontal base. They 
are usually of a very dense structure ; are formed in the lower 
regions of the atmosphere ; and are carried along in the current 
next the earth. The cumulus has been well called the cloud of 
the day, being caused by ascending currents of warm air which 
rise from the heated ground. Its beginning is the little cloud 
not bigger than a man's hand, as the nucleus round which it in- 
creases. The lower surface remains roughly horizontal, while the 
upper rises into towering heaps, which may continue comparatively 
small, or swell into a size far exceeding that of mountains. Saus- 
sure attributes their conical shape to the way in which they are 
formed. When one fluid is poured through another it makes its 
way in curved lines ; thus ink poured into water is diffused 
through it like clouds. The steam from an engine poured into 
the air diffuses itself as a cloud ; and in like manner the vapour 
poured upward into the air by the heated currents as they ascend 
is diffused, and, being condensed, forms the cumulus. When they 
are of moderate height and size, of a well-defined curved outline, 
and appear only during the heat of the day, they indicate a con- 
tinuance of fair weather. But when they increase with great 
rapidity, sink down into the lower parts of the atmosphere, and 
do not disappear towards evening, rain may be expected. If loose 
fleecy patches of cloud begin to appear thrown out from their 
surfaces, rain is near at hand. 

282. Stratus, — ^The stratus is a widely-extended, continuous 
sheet of cloud, increasing from below upwards. It is properly, 
and as its name implies, a continuous layer of cloud. It is, besides, 
the lowest sort of cloud, its lower surface commonly resting on the 
earth. The stratus may be called the cloud of night, since it 
generally forms about sunset, grows denser during the night, and 
disappears about sunrise. It is caused by the vapours which rise 
during the day, but towards evening fall to the earth with a fall- 
ing temperature ; and since during night the cooling of the air 
begins on the ground and thence proceeds upwards, the stratus 
first appears like a thin mist floating near the surface of the earth ; 
it thence increases from below upwards as successive layers of the 
air are reduced below the point of saturation. It includes all those 
mists, already described, which in the calm evening of a warm 
summer day form in the bottom of valleys and over low-lying 
grounds, and then spread upwards over the surrounding country 
like an inundation. When the sun has risen and commenced to 
shine on the upper surface of the stratus cloud, it begins to be 
agitated and to heave up in different places into the rounded 
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forms of the cumulus, while at the same time the whole of its 
lower surface graduaUy rises from the ground. As the heat in- 
creases it continues to ascend, becomes broken up into detached 
masses, and soon disappears. These appearances indicate a con- 
tinuance of the finest and serenest weather. 

283. Cirro-cumultis, — This cloud is composed of well-defined, 
small, roundish masses, lying near each other, and quite separated 
by intervals of sky. It is formed from the cirrus cloud by the 
fibres breaking, as it were, and collapsing into small roundish 
masses, thus destroying the texture but retaining the arrangement 
of that cloud. The change takes place either over the whole 
cloud at once, or it begins at one extremity and proceeds slowly 
to the other ; and while the change takes place it generally de- 
scends to a lower position in the atmosphere. This very beauti- 
ful cloud is commonly known as a " mackerel sky "/ it occurs 
frequently in summer, and is attendant on dry and warm weather. 
It is also sometimes seen between showers, its graceful form and 
slow easy motion presenting a striking contrast to the dark, 
heavy rain-clouds below, which drift hurriedly across the sky. In 
this case, however, the cirro-cumulus will be found wanting in 
the settled aspect which it wears in fine weather. 

284. Cirro-stratus, — ^The cirro-stratus partakes partly of the 
characteristics of the cirrus and stratus. It consists of horizontal 
or slightly-inclined masses thinned towards a part of the circum- 
ference, bent downwards or undulated, and either separate or in 
groups. Their form and relative position sometimes resemble 
shoals of fishes. In distinguishing this cloud, attention must be 
paid, not so much to the form, which is very variable, but to the 
structure, which is dense in the middle and thin towards the 
edges. The cirro-stratus is markedly a precursor of storms ; and 
from its greater or less abundance and permanence, it gives some 
indication of the time when the storm may be expected. It may 
generally be seen between storms, occasionally with the cirro- 
cumulus, and, from what then takes place, important information 
may be learned regarding the continuance or non-continuance of 
the stormy weather then prevailing. For if the cirro-cumulus 
give way or pass into the cirro-stratus, thus leaving it, as it 
were, in possession of the field, more wind, and rain may be 
confidently expected ; but if the cirro-stratus yield, and the cirro- 
cumulus prevail, the storm is past, and fair weather may be 
looked for. 

285. Since the cirro-stratus possesses great extent and con- 
tinuity of substance, with little perpendicular depth, it is the 
cloud which most frequently and completely fulfils the cq&sI^<:s^^ 
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requisite for exhibiting Parhdia (Gr. paray about or near, and 
JielioSi the sun) or mock-suns, FaraaelencB (Gr. para^ about or 
near, and fielem, the moon) or mock-moons, CoronoBf and Solar 
and Lunar Halos, 

286. Cumulo-stratus, — This cloud is formed by the cirro-stratus 
blending with the cumulus, either among its piled-up heaps, or 
spreading underneath its base as a horizontal layer of vapour. It 
sometimes appears indistinctly in the intervals of showers. The 
distinct cumulo-stratus is formed when the cumulus becomes sur- 
rounded with small fleecy clouds just before rain begins to fall, 
and also on the approach of thunderstorms. 

287. CumtUo-cirro-stratuSf or Nimbus, — This is the well- 
known rain-doudt consisting of a cloud, or system of clouds, from 
which rain is falling. The rain-cloud often has its origin in the 
cumulo-stratus, which increases till it overspreads the sky, and 
becomes black or bluish-black in colour ; but this colour soon 
changing to grey, the nimbus is formed, and rain begins to fall 
Its name, cumulo-cirro-stratus, suggests more accurately the man- 
ner of the formation of the rain-cloud. At a considerable height 
a sheet of cirro-stratus doad is spread out, under which cumulus 
clouds drift from windwaid ; these rapidly increasing unite at all 
points, forming one continuous grey mass, from which rain falls. 
It is evident that the whole body of air under the upper sheet of 
cloud into which the clouds drift must be all but completely satu- 
rated. The breaking-up of the lower grey mass indicates that the 
rain will soon cease. When a rain-cloud is seen approaching at a 
distance, cirri appear to shoot out from its top in all directions ; 
and it has been observed that the more copious the rainfall the 
greater is the number of the cirri thrown out from the cloud. 

288. Observing Clouds* — In observing clouds, the class to which 
they belong, the direction in which they are carried both in the 
lower and upper regions of the atmosphere, and the proportion of 
the sky covered with them, should be noted. In estimating the 
amount, that portion of the sky from the horizon half-way to the 
zenith should not be taken into account, because, the clouds being 
there foreshortened, the estimate formed would be too great. The 
scale generally adopted in this country is to 10 ; indicating a 
clear sky, 5 a sky half covered, and 10 the sky wholly obscured. 

289. The mean amount of cloud in the west of Scotland is 7.2 
in winter, 6.4 in spring, 6.5 in summer, and 6.8 in autumn ; and in 
the east and interior of the country the amounts are 6.0, 6.8, 6.0, 
and 6. 1. In Shetland the amount of cloud is greater, three-fourths 
of the sky being the average space covered with cloud. The 
months most free of clouds are May and June, owing to the rising 
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temperature and the dry winds which then prevaiL The cloudiest 
month is December, when the temperature is rapidly fedling, and 
the south-west wind attains its greatest frequency. 

290. Velocity of Clovds. — ^The rate of the motion of the clouds 
is greater than is commonly supposed, and very much greater than 
the velocity of the wind at the earth's surface. From observations 
accurately made on the passage of the shadows of clouds across a 
landscape on a breezy day, it has been ascertained that a velocity at 
the rate of 70 miles an hour occurs with an apparent leisurely mo- 
tion of the clouds, and that a velocity of 110 miles an hour occurs 
when the motion is not at all striking. It cannot be doubted that 
the motions of the upper currents of the atmosphere far transcend 
the limits usually assigned to them. 
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EAIN, SNOW, AND HAIL. 

291. Whatever tends to lower the temperature of the air is a 
cause of rain. Various causes may conspire to effect this, but it is 
chiefly brought about by the ascent of air into the higher regions 
of the atmosphere. Moist air-currents are forced up into the 
higher parts of the atmosphere by colder, drier, and therefore 
heavier, wind-currents getting beneath them, and thus wedgewise 
thrusting them upwards ; and the same result la accomplished by 
ranges of mountains opposing their masses to the onward hori- 
zontal course of the winds, so that the air is forced up their slopes 
and cooled, and its vapour is condensed into showers of rain or 
snow. Moist air-currents are also forced into the higher regions 
of the atmosphere over the area of least pressure at the centre of 
storms. The temperature of the air is lowered, and the amount 
of the rainfall increased, by those winds which convey the air to 
higher latitudes. The meeting and mixing of winds of different 
temperatures, being the theory of rain propounded by Hutton, is 
doubtless a cause of rain, since the several portions, when com- 
bined into one, are incapable of holding in suspension the same 
quantity of vapour that each could hold separately. The rainfall 
is also increased if the prevailing winds arrive immediately from 
the sea, and are therefore moist ; but diminished if they have 
previously passed over large tracts of land, particularly mountain- 
ranges, and are therefore diy. Since the quantity of rain is evi- 
dently much modified by the temperature of the earth's surface 
over which the rain-producing winds blow, it follows that sandy 
deserts, by allowing solar and nocturnal radiation to take imme- 
diate effect in raising or depressing the temperature, and forests, 
by delaying, if not in many cases counteracting, the effects of 
radiation, have each a peculiar influence on the rainfalL 

292. The rain-cloud has been already generally described in 
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paragraph 287 ; but the more specific conditions under whicli 
Tarn ia precipitated are thoa stated bj H. £. Renoii ; 1. Two 
layers of clouds at least ; an upper layer, the cimis, which, 
being at a great height, is composed of niinutc ice-particles at a 
very low temperature, probably not higher than —40° ; and a 
lower layer, the cumuluB, or cnmulo-BtratuB, which has its density 
increased and its temperature diminished by the descent of the 
ice-crystals of the cimia, 2. The temperature of the air at the 
earth's surface as high as possible. 3. The atmospheric pressure 
notably lower than in surrounding regions, i. Regular horizontal 
currents of air allowing the atmosphere to remain a sufSciently 
long time in a state of unstable etjuilibriuni. G. A rapid move- 
ment of the air tending to re-establish the equilibrium of tempera- 
ture and pressure, by niijcing tt^ether the different layers of the 
atmosphere. 

2B3. Bain sometimes falls from a cloudless sky, and is then 
called Serein. Sir J. 0. Ross thus describes a case which occurred 
near Trinidad, South Atlantic, on the 25th December 1839 : "It 
was a beautiful desj night, not a clond to be seen in any part of 
the heavens, yet we hod a' light shower of more than an hour's 
continuance. The temperature of the dew-point was 72", and 
that of the air 74°." Many similar cases have been recorded. 

294. The instrument for ascertaining the quantity of i 
which falls is called a Rain-gauge. Eain-gauges a 
constructions. Tho simplest 
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gloss tub^ b e, divided into 
inches and parts of an inch, 
issues, as in fig. 24. It ia pro- 
vided with a funnel inserted 
within at the top to prevent 
evaporation, and the rain-water 
is emptied out by a stop-cock, 
d, at the bottom, or, what ia 
atill simpler, by a hole, a, fig. 
20, pierced in the fonnel at 
the top. As this form of gauge 
is objectionable from the fre- 
quent breaking of the glaae 
tube in time of frost, a float is 
used instead, which is raised 

by the water, and a scale ia attached to it projecting above the 
gauge, by which the quantity of raia u mwa-orci, Ttia ' 
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Fig. 26. 
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gange, fig. 26, commonly known as Fleming'B gauge, which is nsed 
extensively in Scotland. Another gauge U frequently u 
eiisting of a leceiving-Tcesel, 
and a glass mearare of much, 
smaller diameter, which ad 
mits of as nice graduation as 
may be desired. A good speci 
men of this class is the gauge 
recommended by G. J.Symons, 
London, fig. 27, in which 6 is 
the vessel which receives the 
rain, and c the graduated ves- 
sel which measures the amount 
^ There being often great diffi- 
I culty or trouble experienced 
in replacing the glass measure 
when it chances to get broken, 
the late Q. V. Jagga Eew, a 
wealthy zemindar of Yizaga 
patam, proposed a gange (fig. 
28) in the form of a funnel, 

having a diameter of 4.697 inches, on a receiving area 
I of 17.33 square inches. Now, since a fluid o' 
tains 1.733 cubic inches of water, 
follows that for every fluid ounce co 
lected by this gauge the tenth of a 
inch of rain has fallen. The measure 
can of course be graduated to any de- 
gree of nicety ; and it may easily be 
reproduced if required. It is also the 
cheapest rain-gauge, costing only 7b. 6d. 
I when made of copper, and 4s. 6d. when made of tin. 
Self-registering rain-gauges have been invented by 
Osier, Crosley, and P. Stevenson ; but, being too ex- 
pensive for general use, Uiey need not be described here. 

295. So far as size is concerned, no difference exceeding one or 
two per cent exists between the indications of gauges whose aper- 
tures have areas from 12 to 4S2 square inches. Gauges 1 inch or 
2 inches in diameter register too little. It may therefore be con- 
cluded, that gauges from 3 inches diameter and upwards are all 
nearly equally good for rain observations, and that expensive 
gauges of large diametera have no practical advantage over cheaper 
sorts. 
£96. A most important point in the podtion of the rain-gauge is 
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Fig. 28. 



rig. 28. 



RAIN, SNOW, AND HAIL. 115 

its height above the ground. Professor Phillips found the rainfall 
at York for twelve months during the year 1833-34 to be 14.96 
inches at 213 feet from the ground ; 19.85 inches at 44 feet; and 
25.71 inches on the ground. An extensive series of observations 
has also been conducted by Colonel Ward, with the view of ascer- 
taining the quantity of rain collected at different heights from the 
ground. The following is the relative rainfall at different times for 
the four years 1864-67 : On a level with the ground, 1.07 inch ; 
at a height of 2 inches, 1.05; 6 inches, 1.01; 1 foot, 1.00; 2 feet, 
.99; 3 feet, .98; 5 feet, .96; 10 feet, .95; and 20 feet, .94. Obser- 
vations at Castleton give at 1 foot 1.00 inch ; at 5 feet, .96 ; and 
for 20 feet, .90. R. Chrimes's observations at Rotherham during 
1866-67 give the following amounts : At 1 foot, 1.00 inch ; 5 feet, 
.94; 10 feet, .91; 15 feet, .90 ; 20 feet, .89 ; and 25 feet, .88. The 
remarkable fact here indicated, that different quantities of rain are 
collected at different heights, the quantity being greater at the 
lower levels, has been always confirmed whenever the experiment 
has been tried. No perfectly satisfactory account has yet been 
given of this singular phenomenon. 

297. Rain is the most capricious of all atmospheric phenomena, 
both as regards frequency and the amount which falls in a given 
time. It rarely or never falls in certain places, which are on that 
account named the rainless regions of the globe : the coast of Peru, 
in South America ; the great valley of the rivers Columbia and 
Colorado, in North America ; the Sahara, in Africa, and the desert 
of Qobi, in Asia, are examples : whilst, on the other hand, in 
such places as Cbiloe and Patagonia, it rains almost every day. 

298. The quantities of rain which have been recorded as having 
fallen at one time in some places are truly enormous. In Great 
Britain, if an inch falls in a day, it is considered a very heavy 
rain. But in many parts of the Highlands of Scotland, 3 inches 
not unfrequently fall in one day. On the 5th December 1863, 5.2 
inches fell at Drishaig, near Ben Cruachan, in Argyleshire, where 
also two days afterwards 7.12 inches fell in 30 hours. At Seath- 
waite, in Cumberland, 6.62 inches fell on 27th November 1848; 
and this enormous fall in one day has been nearly reached six 
times since that date. But it is in lower latitudes that the 
heaviest single showers have been recorded. The following are a 
few of the most remarkable: At Joyeuse, in France, 31.17 inches 
in 22 hours; at Genoa, 30 inches in 24 hours ; at Gibraltar, 33 
inches in 26 hours ; on the hills above Bombay, 24 inches in one 
night ; and on the Ehasia Hills, north-west of Calcutta, 30 inches 
on each of five successive days. 

299. Rainy Days, — Rainy days are more numerous in hi^h tbuL 
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in low latitudes. Thus, in the northern hemisphere, from 12* to 
43® latitude, the number of rainy days in the year is, on an aver- 
age, 78 ; from 43° to 46*' latitude, 103 ; from 46'' to SO"* latitude, 
134; and from 50° to 60° latitude, 161. Considerable discrepancy 
exists among observations as to the number of rainy days, owing 
to the want of a generally received definition of what constitutes 
a rainy day. The fall of .01 or tJtt ii^ch of rain, as suggested by 
Mr Symons, is now very generally adopted. 

300. Rainfall tvithin the Tropics, — ^At places within the tropics 
where the trade-winds blow regularly and steadily, the rainfall ifl 
small, because, as these "winds travel from higher to lower latitudes, 
their temperature is increasing, and they are therefore rather in the 
condition of taking up moisture than of parting with it. Where, 
however, the trade-winds are forced up the slopes of mountain- 
ranges lying in their course, as on the east of Hindostan, or the 
north of South America, they bring rain in copious showers. 

301. The Region of CalvM is a broad intertropical belt about 6* 
in breadth, marked by a low atmospheric pressure, towards which 
the north-east and south-east trades blow. This is the region of 
constant rains. Here the sun almost invariably rises in a clear 
sky; but about mid-day clouds gather, and in a short time the 
whole face of the sky is densely covered with black clouds, which 
pour down prodigious quantities of rain. Towards evening the 
clouds disappear, the sun sets in a clear sky, and the nights are 
serene and fine. The reason of this daily succession of pheno- 
mena in the belt of calms is, that there the air, being greatly 
heated by the vertical rays of the sun, ascends, drawing with it 
the whole mass of vapour the trade-winds have brought with 
them, and which has been largely added to by the rapid evapora- 
tion from the belt of calms ; this vapour is condensed as it rises 
to the line of junction of the lower and upper trades. The dis- 
charge is in some cases so copious that fresh water has been col- 
lected from the surface of the sea. As evening sets in, the surface 
of the earth and the superincumbent air being cooled, the ascend- 
ing currents cease and the cooled air descends ; the clouds are thus 
dissolved, and the sky continues clear till the returning heat of 
the following day brings round a recurrence of the same pheno- 
mena. It will be observed that the daily rains of the belt of calms 
are to some extent analogous in their origin and causes to the for- 
mation of the cumulus cloud of temperate climates. Since the 
region of calms which determines the rainy season within the 
tropics moves northward or southward with the sun's declination, 
carrying the trade- winds with it on each side, it follows that there 
will be only one rainy and one dry season in the year at its es- 
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treme northern and southern limits ; but at all intermediate places 
there will be two rainy and two dry seasons, these being at the 
equator equally distant from each other. 

302. Over a great part of the tropics disturbing influences draw 
the trade-winds out of their normal (Lat. norma, a rule) course, 
and sometimes, as in the case of the monsoons, give rise to winds 
which blow from the opposite point of the compass. These winds 
determine the rainfall of India, and but for them the eastern 
districts of Hindostan would be constantly deluged with rain, and 
the western districts constantly dry and arid. As it is, each part 
of India has its dry and wet seasons, summer being the wet season 
of the west and interior as far as the Himalaya, and winter the 
wet season of the east, and especially the south-east. Thus the 
rainfall at Mahabuleshwar, in the Western Ghauts, in the four 
months from June to September, is 242 inches, while during the 
other eight months it is only 12 inches. At Benares for the same 
time the quantities are 46 inches and 7 inches. On the other 
hand, in the east, at Madras, the rainfall for the three months, 
October, November, and December, is 30 inches, and for the other 
nine months 19 inches. 

303. So far as known, the heaviest annual rainfall at any place 
on the globe is 600 inches, on the Ehasia Hills, about 500 inches 
of which fall in seven months, during the south-west monsoons. 
This astonishing quantity is due to tiie abruptness of these hills 
facing the Bay of Bengal, from which they are separated by only 
200 miles of low swamps and marshes. Hence the southerly winds 
not only arrive heavily laden with the vapour they have licked 
up from the Indian Ocean, but, receiving further accessions of 
moisture in passing over the 200 miles of swamp, they are, so to 
speak, ready to burst in torrents, even before they are suddenly 
raised, by the hills they encounter, into the cooler regions of the 
atmosphere. At 20 n^es farther inland the annual amount is 
reduced to 200 inches ; at 30 miles to 100 inches ; north, at Gowa- 
hatty, in Assam, it is only 80 inches. In the north-west of the 
Bay of Bengal, at Cuttack, it is only 50 inches ; while in the 
north-east, in Arracan, being more in the course of the south-west 
monsoon, the rainfall is swdled to 200 laches. In the following 
annual amounts the effect of the hills is strikingly shown : At 
Madras, 48 inches, but Seringapatam only 24 inches ; at Bombay, 
76 inches ; among the West Ghauts, at Uttra-Mullay, 263 inches ; 
and at Mahabuleshwar, 254 inches ; while at Poonah, more in- 
land, it is only 22 inches. In Mauritius, for the four years end- 
ing 1865, the average rainfall at Gros Cailloux was 30 inches ; 
whereas at Cluny, only about 16 miles distant, it amounted to 
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146 inches. In regard to the above, Mr Meldrum remarks : " At 
Clnny, in the vicinity of mountains and forests, in the south-east 
part of the island, and exposed to the trade-wind as it arrives 
from the sea, the rainfall in almost any month is from four to six 
times greater than at Qros CaUloux on the north-west coast, where 
neither mountain nor forest exists, and where the air arrives 
partly deprived of its moisture." 

304. The following are a few of the more interesting annual 
rainfalls in the tropics : Singapore, 97 inches ; Canton, 78 
inches ; Somerset, Cape York, 87 inches ; Akyab, 104 inches ; 
Colombo, 74 inches ; St Benoit, Isle of Bourbon, 166 inches ; 
Sierra Leone, 89 inches ; Christiansborg, 23 inches ; St Helena, 5 
inches ; Ascension, 9 inches ; Caxaccas, 155 inches ; Pemambuco, 
106 inches ; Eio Janeiro, 45 inches ; Georgetown, 75 inches ; Bar- 
badoes, 72 inches ; St Domingo, 107 inches ; Bahamas, 56 
inches ; Vera Cruz, 183 inches ; Ceara, 60 inches ; Doldrums 
of the Atlantic, 225 inches ; Maranhao, 280 inches. In many 
places in the interior of continents, and places situated a little to 
the leeward of mountain-ranges, considered with reference to the 
prevailing winas within the tropics, the rainfall is small, being 
not greater than what occurs in temperate countries. 

305. Rainfall in Europe. — The periodicity of the rainfall dis- 
appears as we recede from the tropics, and the times of the year 
during which it falls are different, the greatest quantity falling 
within the tropics in summer, whereas in temperate regions the 
greatest quantity generally falls in winter. In respect of the rain- 
fall, Europe may be divided into two distinct regions — Western 
Europe, extending in a modified degree into the interior of the 
continent ; and the countries bordering on the Mediterranean. 

306. A vast ocean on the one hand, a great continent on the 
other, and a predominance of westerly winds, are the determining 
circumstances in the distribution of the rainfall over Western 
Europe. Since westerly and southerly winds prevail from the 
south of Europe northwards, it follows that the western parts, 
especially where mountain-ranges stretch north and south, are 
rainy districts. Hence the wettest regions are the west of Great 
Britain, Ireland, Norway, and of France, Spain, and Portugal. At 
the Stye, in the lake district of England, being, so far as known, 
the wettest spot in Great Britain, 38.9 inches fell in January 
1831 : at Drishaig, near Ben Cruachan, 33.2 inches ; and at Por- 
tree, 32.4 inches in December 1863 ; and in the same month from 
23 to 30 inches at many places in the Scottish Highlands. 

307. In the west of Great Britain and Ireland, in the immedi- 
ate neighbourhood of high hills, the average rainfall is from 80 to 
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150 inches, and in some years it is higher : thns, at Seathwaite, 
in Cumberland, it was 183^ inches in 1861 ; at the Stye, 224^ 
inches in 1866 ; and at Upper Glencroe, Argyleshire, 166J inches 
in 1868. At Bergen, in Norway, the rainfall is 72 inches ; in the 
Peninsula, at Coimbra, 118 inches ; at Oviedo, 74 inches ; and at 
St Jago, 73 inches. In France, it is 51 inches at Nantes, and 49 
at Bayonne. At places at some distance from hills, and in more 
inland situations, the annual fall is much diminished. Thus, in 
the west of Great Britain, away from hills, it is &om 30 to 45 
inches ; while in the east of the island it is only from 20 to 28 
inches. .In the west of Norway, it is 45 inches at Alesund ; 35 
inches at Christiansund ; 20 inches at Tromso ; but in Christiana 
it is only 21 inches. In Sweden, east of the Scandinavian Moun- 
tains, the annual fall nowhere exceeds 22 inches; at PiteS and 
Jockmock it is only 15 inches, and at Kalmar only 13 inches. 
At Goteborg it is as high as 35 inches. In France the average 
is 30 inches, and in the plains of Grermany and Bussia, 20 inches 
and under. But in the interior of Europe, in mountainous dis- 
tricts, it rises much above these amounts ; thus at the Brocken it 
is 59 inches, and at St Maria, in the Alps, 104 inches. 

308. An important distinction between the mode of distribution 
of the rainfall in the west of Europe and at more inland places, is 
that the greater part of the annual quantity of the west falls in 
winter, whilst in the interior the amount in summer is greater 
than in winter. Thus, comparing the summer with the three 
winter months, the amounts are 6 and 3^ inches at Carlstadt, Swe- 
den ; 6^ and 3 inches at St Petersburg ; and 7^ and 1^ inches at 
Kursk. This peculiarity is also shown by the east and west sides of 
Great Britain. It is probably owing to the more westerly direction 
of the winds in summer, by which the vapours of the Atlantic are 
conveyed more directly into the heart of the continent ; and 
doubtless also to the clouds being much lower in winter, by which 
they are arrested and drained of their moisture by the less ele- 
vated hills, thus leaving little to be deposited eastward — ^whereas 
in summer, the clouds, being high, pass above and discharge their 
moisture in the interior. 

309. It will be shown further on that the greater proportion 
of the rain which falls during storms falls in the front part of the 
atmospheric depression which accompanies the storm — that is, as 
respects Great Britain, with easterly, southerly, and south-westerly 
winds. Hence, in those districts where the greater part of the 
rainfall of the year is made up of the rain which falls during 
storms, or on the eastern slope of the island, it might be expected 
that the greater part of the annual rainfall is brought by easterly 
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and not by westerly winds. The Rev. Alexander Beverly, Aber- 
deen, has examined the rainfall for the different winds at that 
place for the two years 1864 and 1865, from which it appears that 
as mnch rain falls with N.E. as faUs with S.W. winds ; and that 
while 12.74 inches fell with S.W., W., N.W., and N. winds, as 
mnch as 17.85 inches, or nearly a half more, fell with N.E., E., 
S.E., and S. winds. This large rainfall, which is deposited by 
easterly winds, is originally brought by the south-west wind, 
which, prevailing first in the higher* regions of the atmosphere, 
saturates the air with the vapour which it brings from the ocean ; 
or the easterly winds (N.E., E., S.E.) which deposit the rain, are 
part of the same moist current drawn back by and towards the 
low atmospheric pressure which at the time is advancing from 
the west. 

310. The peculiarity of the rainfall of the basin of the Mediter- 
ranean and seas adjoining depends on (1) its proximity to the 
burning sands of Africa, (2) a predominance of northerly winds 
resulting chiefly from that position, and (3) the Pyrenees and 
Spanish sierras to the west, on which the south-west winds pre- 
cipitate their rains before arriving on the north shores of the 
Mediterranean. In the valley of the Rhone, four times more rain 
falls in autumn than in summer ; and south of the Alps, six times 
more rain falls with north-east than with south-west winds, being 
the reverse of what takes place in the west of Great Britain. In 
Italy the quantity of rain diminishes as we approach the south, 
because south winds become wetter, and north winds drier as 
they proceed on their course. At Pisa, the annual rainfall is 49 
inches ; at Rome, 39 inches ; at Naples, 33 inches ; at Palermo, 23 
inches ; and in Malta, 20 inches. Along the Syrian and North 
African coasts it rarely rains in summer, but frequently in winter. 
The annual amounts are — at Jerusalem, 19 inches ; Beyrout, 20 
inches ; Lamaka, Cyprus, 13 inches ; La Calle, 36 inches ; Con- 
stantine, 27 inches ; Algiers, 31 inches ; and Oran, 19 inches. 

311. The rainfall on the shores of the Caspian Sea is very re- 
markable. At Astracan the annual amount is 4^ inches ; at 
Baku, 10 inches ; at Derbent, 16 inches ; at Lencoran, 51 inches ; 
and at Astrabad, 18 inches ; — thus showing a very rapid rate of in- 
crease in advancing to the south-west of the sea. In the valley of 
the Rhone, the annual fall ranges from 20 inches on the coast to 
63 inches at St Rambert, the average being 30 inches. This is also 
the average of the valley of the Po ; but on ascending the long 
slopes northward to the Alps, it rises, as at Tolmezzo, to 96 inches. 

312. Rainfall of America. — ^The rainfall in the west of the 
American continent is distributed similarly to that of Europe 
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the quantity being chiefly dependent on the physical configuration 
of the surface over which the prevailing winds blow. In North 
America the yearly amount increases as we proceed northward : 
thus, at San Francisco it is 21 inches ; at Fort Reading, 29 inches ; 
at Fort Oxford, 72 inches ; at Fort Vancouver, 47 inches ; at As- 
toria, 86 inches ; at Steilacoom (Wash. Ter.), 54 inches ; and at 
Sitka, in the north-west of America, 90 inches. To the south, at 
San Diego, the annual rainfall is only 8 inches, and at Fort 
Yuma, 3 inches. 

313. But in the United States the manner of the distribution of 
the rainfall differs greatly from that of Europe. The United States 
are chiefly dependent for their rain, not on the Pacific Ocean, but 
on the Gulf of Mexico. The high range of the Rocky Mountains 
plays an important part in the rainfall. With reference to the 
rainfall of America, Blodget remarks : " For much the larger area 
of the United States, and for all portions east of the Rocky Moun- 
tains, the distinguishing feature of the distribution of the rainfall 
is its symmetry and uniformity in amount over large areas. The 
quantity has rarely or never any positive relation to the configur- 
ation of the surface, which would identify it with Europe and the 
North Pacific coasts ; and in contrast with these it has a dimin- 
ished quantity at the greater altitudes generally, and the largest 
amounts in the districts near the sea-level. It also differs from 
these districts, and from large land areas generally, in having a 
larger amount in the interior than on the coast, for the same lati- 
tude, at least as far north as lat. 42^" The rainiest districts are 
Florida, the low flats of the Mississippi, then along the course of 
its valley, then in Iowa, that remarkable depression at the head 
of the river ; and the least quantities on the Alleghanies, espe- 
cially their higher parts, and the high grounds of the Missouri 
district. The following figures give the annual amounts in inches 
at different places : In Florida — Pensacola, 57; Fort Brook, 55 ; 
and Fort Pierce, 63 : in Alabama — MonrosviUe, 66 ; and Mobile, 
64 : in Mississippi— Natchez, 58 ; and Jackson, 53 : in Louisiana 
— Rapides, 63 ; and New Orleans, 52 : in Tennessee — ^Nashville, 
53 : in Georgia — Savannah, 48 : in Iowa — Fort Madison, 50. At 
Athens, in Georgia, south of the Alleghanies, the amount is 36 ; 
at Alexandria, in Virginia, also 36 ; and at Jefferson, in Missouri, 
38. In the Northern States the quantity diminishes at most places 
to between 27 and 45 inches, and the mode of its distribution 
becomes assimilated to that of Europe. 

314. There is very great diversity in the rainfall of Australia. 
At Somerset, at the north-east point, the annual rainfall is 87 
inches ; Brisbane, 47 inches ; Sydney, 49 inches ; Melbourne, 28 




bhow is composed are crystals, which are ueually in the I'onn ot 
Bix-pointed stars. About 1000 different kinda of snow-crystals 
have been already observed, many of which have been figured 
and deBcribed by Scoresby, Glaishet, Lowe, and others. These 
numerous forma have been reduced by Scoresby to the following 
five principal varieties : 1. Thin plates — the most numerous 



class — comprising seTeral hundred forms of the rarest and most 
exquisite beauty (figg. 29 tfl 35). 2 A sphencal nucleus or plane 
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figure, studded with needle-shaped crystals (fig. 36). 3. Six or 
more rarely three-sided prisrnatic crystaU (fig. 37). 4. Pyramids 
of ail sides (fig. 38), 5. Prismfttio crystals, having at the ends 
and middle thin plates perpendicular to their length (fig. 39). 
The forms of the crystals of the some fall of Hnow are generally 
similar to each other. Snow-flakes vary from an inch to 0.07 
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inch in diameter, the lai^st being observed when the temperature 
is near 32°, and the smaUest at very low temperatures. 

316. The limit of the fall of snow at any time of the year coin- 
cides nearly with 30° N, lat., which includes almost the whole of 
Europe. On traversing the Atlantic this line rises to kt. 45°, but 
on nearing the American continent it descends to near Cbarleston 
in lat 33° ; it rises in the west of America to lat, 47°, and again 
falls to lat. 40° in the Pacific It corresponds nearly with the 
winter isothermal of S2° (Plate IV.), since in places where the 
mean winter temperatoie is no higher than 62°, the air may be 
expected to fall during the coldest months occasionally to 32° or 
lower. Snow is unknown at Gibraltar; at P^a it falls 12 days 
on an average anmially, and at St Petersburg, 170 days. 
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317. The white colour of snow is caused by the combination of 
the different prismatic rays which issue from the minute snow- 
crystals. When the crystals are looked at separately, some appear 
red, others green, purple, and, in short, all the colours of the 
spectrum, as these are seen in crystal gasaliers; but when a 
mass of snow is looked at, the different colours blend into homo- 
geneous white. Pounded glass and foam may be referred to as 
other illustrations of the prismatic colours blending together and 
forming the white light from which they had been originally pro- 
duced. It may be added that the air contained in the crystals 
intensifies the whiteness of the snow. Red snow and green mow 
have been occasionally met with in the arctic regions and in other 
parts of the world. These colours are due to the presence of 
microscopic organisms, called FrotococctiS nivalis, about -rAnr inch 
in diameter, which grow and flourish in the region of eternal 
snow. 

318. The uses of snow are very important ; thus, from its loose 
texture, and from its containing about ten times its bulk of air, 
snow is a very bad conductor of heat ; and thus is an admirable 
covering for the earth in preserving it from the effects of its own 
radiation. It not unfrequently happens, in times of great cold, 
that the soil is 40° warmer than the surface of the overlying snow. 
The flooding of rivers from the melting of the snow on mountains 
in spring and summer, carries fertility into regions which would 
otherwise remain barren wastes. 

319. Snow is generally from 10 to 12 times lighter than an 
equal bulk of water ; but rare cases have occurred where it was 
only eight times lighter. Hence in measuring the snowfall, in 
order to add it to the rainfall, a common rule is to measure the 
depth at a place where it is about the average depth of the district, 
and take one-tenth as the equivalent of the rainfall. Thus, if the 
average depth of snow fallen be 5 inches, this would equal 0.5 
inch, or half an inch, of rain ; if 12 inches of snow, it would be 
1.20 inches of rain, &c. This, however, is only a rude way of 
comparing the snow with the rainfall, being liable to considerable 
error owing to the varying compactness of the snow. It may be 
accurately measured by thrusting the open end of a cylindrical 
tin vessel down through the snow to the ground, and melting the 
snow which it brings up. The depth of the water or melted 
snow is considered as the rainfall. 

320. Sleet appears to be formed from snow-flakes falling through 
a stratum of moist air at a temperature of 32°, or higher. The 
great size of the flakes is caused by the snow particles uniting by 
regelation as they come against each other ; and they are no doubt 
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iUttber enlarged hy the condensation of vapour on ttieii snrfaces 
as thejr float down through the moist air. Sleet falls cliieflj in 
winter and in spring. 

321. Snow-Line. — The snow-line marks the height belowwhjch 
all the snow that falls annuallj melta during summer ; above this 
imaginary line lies the region of perpetual snow. Ho general rule 
can be laid down for the height of this line, owing to the man^ 
causes by which it is determined. These are, (1) the exposure rf 
the slope of the mountain to the sun's rays, and hence, other things 
being equal, it is high^' '"^ the south than on the north slife of 
mountains ; (2) the situation with respect to the rain-bringing 
winds ; (3) the steepness of the slope ; and (4) the dryness or we^ 
ness of the district. Hence the snow-line can only be ascertained 
from observation. The following are the ohsetved heights in feet, 
in different parta of the globe :— 



Heioht 01 



E Snow-Uhe asotb the Sea. 



Spitzliet^n, 


N. Lst 


Height 


78' 

















Unalasohta, W. Amerioa, 


fie'Sff 


8,510 




50° 
46' 








43° 


11,063 




42" 45' 




Rocky Mountflina, 


43" 


12,487 






19,S60 


aoQtli Bimslaya, 




15,500 


Mountaina of Abyssinia, 




14,065 


Purate, 


2^34' 


15,381 


NBVadoaofQnita, 


a. L.L 


Holfhl. 





15,820 


Arequipa, Bolivia, 

Paachatn, Bolivia, 




17,717 


Portillo, ChiU. 

CordUleraa, Ctffi, 


33° 


14,713 


42° 30- 


6,010 


Mogeltoa Eitniit, 




3,707 



322. It will be observed fi^om this tahle, that, speaking gene- 
rally, the anow-line from lat. 0° to 20° sinks only a very little ; 
from 20' to 70° it continues to fall equally ; but from 7^ to 78° 
it falls with great rapidity. To this general rule there are, how- 
ev^, several noteworthy exceptions. Thus, it is about 4000 feet 
higher on the north than on the south side of the Hinialayas, 
owing (1) to the greater depth of snow which falls on the south 
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side ; (2) to the greater dryness of the climate of Thibet, which 
increases the evaporation from the surface of the snow and the 
heating power of the sun to melt snow at these great heights ; 
and (3) to the rocks and soil of the north being in a great mea- 
sure destitute of vegetation, and therefore capable of absorbing 
more heat than the regions south of the Himalayas, which are 
covered with vegetation. 

323. It is higher in the centre of continents than near the 
coasts, because the rainfall is less, and the heat greater ; thus, 
whife in the Caucasus it is 11,063 feet, it is only 8950 in the 
Pyrenees, both places being nearly in the same latitude. Simi- 
larly, it is higher on the east than on the west side of continents, 
as is strikingly shown by Kamtchatka, 5249 feet, and Unalaschta, 
3510 feet, situated respectively on the west and east coasts of the 
North Pacific. 

324. South of the equator it rises very considerably from lat. 0^ 
to 18°, and more so on the west than on the east slopes of the 
Cordilleras, owing to the small quantity of rain and snow which 
fall on the west side of these mountains. It is as high in S. lat. 
33° as in N. lat. 19° ; but south of this parallel it rapidly sinks, 
owing to the heavy rains precipitated by the north-west winds 
which there prevail ; so that in the south of Chili it is 6000 feet 
lower than at the same distance from the equator among the 
Rocky Mountains of North America, and 3000 feet lower than 
in Western Europe. The mean temperature of the snow-line 
varies greatly from the equator to the poles, being at some places 
35°, and at others as low as 20°. In the Swiss Alps it is about 
25°, and in Norway about 23°. 



Hail. 

325. The hard pieces of ice which fall in showers are called 
hail. Hail is very different from snow, both in its formation 
and in the circumstances attending its precipitation. Hailstones 
are generally of a conical or of a round shape, and when cut 
across are found to be composed of alternate layers of clear and 
opaque ice, enveloping a white snowy nucleus. Less frequently 
they are composed of crystals radiating from the centre outwards 
(figs. 40 and 41). The interior generally contains several nuclei, 
in which cases the hailstones appear to be a conglomeration of 
several hailstones, as in fig. 42, which represents one that fell at 
Bonn on 7th May 1822 ; the surface is rough, and in the case of 
the larger hailstones often bristling with small icicles. 
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326. Hailetones vaiy much in size, some being ss Bmall bb the 
amalleBt shot, while others are Beveral inches in diameter. In 
Ai^Liiit 1613, hailBtones the Bize of eggs fell upon the Britiab onny 
im the Paaa of Maya in the Pyrenees ; the storm lasted twenty 
minutes, and was not accompanied with thunder oi lightning. 
Oa 4th June 1614, haU, from 13 to 15 inches in diameter, fell in 
Ohio. In the Orkney iBlsnds, on the 84th July 1818, during 
thunder, a very lemaikahle shower of hail took place ; the stones 
weieag lai^ asagoose's egg, and miied with large maHsea of ice. 
In June 1635, hail fuUy three inches in circumference fell near 
Edinburgh £:om a dense cloud during a thunderstonn. On 8tii 
May 1832, an immense mass of a^regated hailetones fell in Hun- 
gary, measuring about a yard in le^h, and neatly two feet in 




Fig. 40. 



Fig. tl. 



Fig. 42. 



depth. A mass nearly twenty feet in cireumference, of an angular 
shape, and composed of lozenge-shaped pieces congealed together, 
is said to have fallen in Boss-shire, 
in AnguHt 1849. Masses of this 
sort ate probably formed by regela- 
tlon after the hailstones have fallen, , 
by which theii surfacea axe made . 
to adhere t<^ther when tolled o\ et 
each other by the wind A hail 
stone (fig. 43) desoribed by Captam 
Delcrofise aa having fallen at Ba- 
connifere in July 1619, was 15 
inches in circumference and had 
a beautifully - radiated ettucture, 
showing it to be a Bingle hailstone 
On the eth August Ift"*?, Professor 
Tyndall saw hail fall amoi^ the Alps in the form of perfect 
spheres of ice, jnst as if the ram drops bad solidified in their 
descent. 
327. No satisfhctory iheoty of Uie oiigin of hail has jA bt!e&. 




Tig 43 
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proposed wliich fully explains all the phenomena connected with 
hailstonns. Hail appears to be formed by a cold current of air 
forcing its way into a mass of air nmch warmer and nearly sattir 
rated, the temperature of the united mass being below the freez- 
ing-point. The warm moist air is easily accounted for, since hail 
generally falls in sunmier and during the day. The difficulty is 
to account for the intensely cold current which is sufficient to 
reduce the warm saturated mass below 32^. 

328. In mountainous regions, cold currents from the fields of 
snow rushing down the sides of the mountains and mixing with 
the heated air of the valleys are no doubt frequent causes of hail ; 
and we have seen that such places are peculiarly subject to hail- 
storms. The sudden ascent of moist warm air into the upper 
regions of the atmosphere, where a cold current prevails at the 
time, is, in all probability, a conmion cause of haiL This is con- 
firmed by the circumstances generally attendant on hailstorms — 
viz., the sultry, close weather which precedes them, the slight but 
sudden barometric depression, the whirlwinds and ascending cur- 
rents which accompany them, and the fall in the temperature 
which foUows after the storm has passed. 



CHAPTER XI 
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329, Wind ia ui in motion. The force of the wind is measured 
by anemMiefa-s, of which there are different Eorta — eome meaaur- 
ing the velocity, others the preasuie. Of the auemometera which 





J the velocity of the wind, the eimplest and best is the 
ffemiipkeruxU- Cup A tuimometer (Or. animot, the wind, and metron, 
a measure), generally called Bobinson's Anemometer, &%. 44. Lt, 
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consists of four hollow hemispheres or cups screwed on to the ends 
of two horizontal rods of iron crossing each other at right angles, 
and supported on a vertical axis which turns freely. When 
placed in the wind, the cups revolve ; and the arms are of such a 
length that when a mile of wind has passed the anemometer, 500 
revolutions are registered by the instrument. The accuracy of its 
construction may be tested by conveying it rapidly through the 
air on a perfectly calm day the distance of a mile, and back again 
the same distance, and noting the number of revolutions made. 
The number of revolutions is registered by a system of index- 
wheels set in motion by an endless screw on an upright axis. It 
is read in the same way as a gas-meter. The number of miles 
travelled by the wind during a day, an hour, or any other specified 
time, is found by multiplying the revolutions made in that time 
by 2, and dividing by lOOO. The rate per hour at which the wind 
blows at any time is found by observing the revolutions made in, 
say, two minutes ; multiply by 30 and 2, or at once by 60, and 
divide by 1000. Thus, suppose 800 revolutions were made in 
two minutes, the velocity of the wind would be at the rate of 48 
miles an hour. 

330. The force of the wind is also ascertained by noting the 
pressure which it exerts on a plane surface of metal perpendicular 
to the direction of the wind. The pressure is generally given in 
pounds avoirdupois on the square foot. The instrument is of 
simple construction, consisting of a plate a foot square acting on a 
spiral spring, to which an index showing the degree of pressure 

is attached. The plate is kept perpendicular 
to the wind by a vane. This is the principle 
of Osier's anemometer, which, by means of ma- 
chinery, leaves a pencilling of the pressure of the 
wind for every instant. Pressure anemometers 
t Hi] ^^ ^^^^ adapted for measuring the force of sudden 

i H squalls and gusts of wind ; whilst the Hemispheri- 

cal-Cup Anemometer best shows the amount of air 
which passes over a place. Both are required in 
any complete system of observation of the wind. 

331. The pressure is also measured by Lind's 
wind-gauge, fig. 45, which consists of a tube about 
half an inch in diameter, in the form of a siphon, 
one end of it being bent at right angles, so as to 
£ace the wind. It turns freely on a vertical axis, 
and a vane keeps the mouth of it directed to the 
wind. It is half filled with water, and when the wind blows into 
the mouth of the instrument, it drives the water up the other 




Fig. 45. 
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leg, to which a Bcale Hhowing the pressure is attached. The zero 
of the scale is the level at which the water stands when, the 
air is c^lm. It may also he m&de to register inflTiTti^ifn gusts 
of wind, by filling into the tube a chemical solution which colouta 
bits of prepared paper, placed at diferent levels on the scale-limb 
of the instrumenL 

331. The forceoftbewindisapprozimately stated by estimation. 
The scale generally adopted in this country is to Q, where repre- 
senta a. calm, and 6 a hurricane, or the greatest known force of the 
wind. Observations by the scale to 6 are converted into pressure 
in poimda on the square foot by eimple squaring. Sailors use the 
scale of to IS, usually called Beaufort's scale. Obeervationa on 
thia scale may be roughly compared with the preceding scale by 
dividing by 2. In Sweden, Russia, and some other countries, the 
Bcole adopted is to 4. 
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In addition to this Wind Table, another (Table VIIL) is given at 
the end, which shows for the pressure in pounds on the square 
foot the corresponding velocity in miles per hour. 

332, The direction of the wind is indicated by the point of the 
compass from which it blows. Those in common use are N., 
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N.N.E., N.E., E.N.E., ; E., E.S.E., SJl., S.S.E. ; S., S^.W., S.W., 
W.S.W. ; W., W.N. W., N.W., N.N.W. When thirty-two points are 
given, an additional one is inserted between each two of &q above. 
If greater accuracy be required, the exact point is indicated by de- 
grees ; thus W. 41® N. means 41® from "WT in the direction of N. 

333. All winds may be regarded as directly caused by differ- 
ences of atmospheric pressure, just as the flowing of rivers is caused 
by differences of level — the motion of the air and the motion of 
the water being both referable to gravitation. The wind blows 
from a region of higher to a region of lower pressure — that i& 
from where there is a surplus to where there is a deficiency of air ; 
and this takes place whether the differences of pressure be mea- 
surable by the barometer, as is generally the case, or be not 
measurable, as in the case of sea-breezes, and sudden squalls and 
gusts which are of short duration. In the latter case, it is pro- 
bable that, though the difference of pressure cannot be measured 
by the ordinary barometer, it might be measured by one of great 
range, such as King's. 

334 So far as we know, differences of atmospheric pressure, 
and consequently all winds, arise from changes occurring either 
in the temperature or in the humidity of the air. If two neigh- 
bouring regions come from any cause to be of very unequal tem- 
perature, the air of the warmer region, being lighter than the 
other, will ascend and be poured over it from above, while the 
heavier air of the colder region will flow in below to supply its 
place. Thus a difference in the temperature of the two districts 
gives rise to two currents of air — one blowing from the colder to 
the warmer along the surface of the earth, and the other from the 
warmer to the colder in the upper regions of the atmosphere. Of 
this class of winds Land and Sea Breezes are the best examples, 
and they are at the same time the most general as well as the 
most readily comprehended of the winds. On the sea-coast a 
breeze sets in from the sea in the morning ; at first a mere breath- 
ing on the land, it gradually rises to a stiff breeze in the heat of 
the day, and again sinks to a calm towards evening. Soon after, 
a breeze springs up from the land and blows strongly seaward 
during the night, and dies away in the morning, giving place to 
the searbreeze as before. These breezes are caused by the land 
being heated to a much greater degree than the sea during the 
day, by which the air, resting on it, being also heated, ascends, 
and the cooler air of the sea-breeze flows in to supply its place. 
But during night the temperature of the land and the air above 
it falls below that of the sea, and the air thus becoming heavier 
and denser flows over the sea as a land-breeze. 
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335. It is interestiiig to observe the effect of the rotation of the 
earth on these breezes when the sea-coast lies east and west. Thus, 
on the coast of the Gulf of Lyons, the sea-breeze from the S. veers 
to the S.W., and dies away in the west ; while the land-breeze 
from the N. gradually turns to the N.E^ and dies away in the east. 
On the coast of Algeria opposite, the sea-breeze veers from N. to 
N.E., and dies away in the east ; while the land-breeze veers from 
S. to S.W., and dies away in the west. Thus in each place the 
daily course of the winds may be regarded as rotatory, acquiring 
their greater force when they blow from N. and S., and falling to 
the minimum at E. and "W. 

336. Again, if the atmosphere of one region be more highly 
charged with aqueous vapour than the atmosphere of surrounding 
regions, the air of the more himiid atmosphere being lighter will 
on that account ascend, while the heavier air of the drier regions 
will .flow in below and take its place. And since part of the 
vapour will be condensed as it ascends, and heat be thereby dis- 
engaged, the equilibrium will be still further disturbed. It is in 
this way that jdl the more violent commotions of the atmosphere 
— gales, storms, tempests, and hurricanes— originate. 



Constant, Periodical, and Prevailing Winds (Charts I. and II., 
where the Arrows show the jprevailing winds), 

337. The Trade -Winds, — When the portion of the earth's sur- 
face which is heated is a whole zone, or a large part of a zone, as 
in the case of the tropics, an ascending current will rise from the 
heated belt, and surface winds from north and south set in towards 
it to supply the place of the ascending current. This ascending 
current wHl rise till it attain a height at which the pressure is 
l«ss ; thence it will flow in either direction towards the poles. 
Thus surface currents flow from higher latitudes towards the 
equator, and upper currents from the equator towards the poles. 
But the directions of these winds are modified by the rotation of 
the earth on its axis from west to east. In virtue of this rotation, 
objects on the earth's surface at the equator are carried round to- 
wards the east at the rate of about seventeen miles a minute. But 
on receding from the equator, this velocity is continually dimin- 
ished ; at latitude 60^ it is only about eight and a half miles a 
minute, and at the poles it is nothing. A wind, therefore, blow- 
ing along the earth's surface in the direction of the equator, is 
constantly arriving at places which have a greater velocity than 
itself The wind thus lagging behind, these places wUl come^ as 
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it were, up against it ; in other words, an east wind will be the 
result. Since, then, the wind north of the equator is under the 
influence of two forces — one drawing it southwards, the other 
drawing it northwards — it will, by the law of the composition of 
forces, take an intermediate direction, and blow from north-east 
to south-west. Similarly, south of the equator, the wind will blow 
from the south-east to the north-west. From the great service 
these winds render to navigation on account of their relative 
steadiness, they are called the Trade -Winds; but they do not 
blow with the uniform constancy which is commonly asserted. 

338. It is said that in mid-ocean in the Atlantic, the north 
trades prevail between latitudes 9° and 30°, and in the Pacific, 
between latitudes 9° and 26** ; and the south trades in the Atlantic, 
between latitudes 4° N. and 22° S., and in the Pacific between 
latitudes 4° N. and 23^° S. These limits are, however, not 
stationary, but follow the sun, advancing northwards from January 
to June, and retreating southwards from July to December. 

339. Region of Calms, — The region of calms is a belt of about 
4° or 5° in breadth, stretching across the Atlantic and the Pacific, 
and generally parallel to the equator. It is marked by a lower 
atmospheric pressure than what obtains to the north and to the 
south of it in the regions traversed by the trade- winds. It is also 
characterised by the daily occurrence of heavy rains, and thunder- 
storms. The position of the calms varies with the sun, reaching 
in the Atlantic, its most northern limit, 12° N. lat, in July, and 
its most southern, 2° N. lat., in January. It is greatly modified 
by proximity to continents ; thus in the Indian Ocean it wholly 
disappears during the summer monsoon. There are two other 
regions of calms at the limits of the north and south trades. Ex- 
cept in the Pacific Ocean, those belts of calms are either broken 
up, so as to appear only in patches, or completely obliterated 
owing to the disturbing influences arising from the unequal dis- 
tribution of land and water. Of these circumscribed regions of 
calms, the most interesting is that marked out by the high pres- 
sures in the North Atlantic. It will be seen from the charts that 
the surface winds blow out of this space in every direction, and 
it may be remarked that the currents of the sea follow the same 
course. This is the region of the Sargasso Sea, which is thus 
characterised not only by its comparatively still waters, but also 
by an atmosphere characterised by calms or light variable winds. 
Tliese calms are well known to sailors, and are called the Horse 
Latitudes. A similar region of calms, but of more limited extent, 
exists in the South Atlantic. 

340. It is established by numerous observations, that while the 
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surface wind within the tropics is directed towards the region of 
calms, the prevailing winds of the north temperate zone, and of 
the south temperate zone, are westerly. The westing of these 
great currents is most probably due to the same cause that gives 
easting to the trade-winds— viz., the rotation of the earth round 
its axis. For since the equatorial current flowing north into higher 
latitudes is constantly arriving at regions having a less rotatory 
velocity than itself, it outstrips them and leaves them behind; 
in other words, it tends to blow over these places as a west wind. 

341. But though the mean direction of the winds has been 
calculated from long series of observations made at many places 
in Europe, Asia, and North America, and the general prevalence of 
westerly winds has been established, yet, owing to the unequal 
distribution of land and water on the earth's surface, and, as a con- 
sequence, the unequal partition of temperature and moisture, and 
hence of atmospheric pressure during the seasons, this great atmo- 
spheric current is in many cases turned out of its normal course ; 
so that the prevailing directions, in different seasons and in differ- 
ent places, differ widely from "W. I have examined* the prevail- 
ing winds at 115 places in the north temperate zone, at almost 
every one of which places there are two maximum directions — ^that 
is, at nearly every place there are two directions from which winds 
prevail most frequently, one of these being considerably greater 
than the other. The following is the result : If the two maximum 
directions be separately examined, it is seen that the greater maxi- 
mum direction being from any point of the compass from 

S.S.W. to W., occurs at 47 places. 
W.N.W. toN., „ 33 „ 
N.N.E. toE., „ 19 „ 

E.S.E. to S.> ff 16 ff 

and the lesser maximum direction being from any point from 

« S.S.W. to W., occurs at 20 places. 
W.N.W. to N., „ 22 „ 
N.N.E. to B., „ 38 „ 

E.S.E. to S., ff 32 ff 

The reason for this striking result, so different from what has 
generally been accepted as the theory of the motions of the atmo- 
sphere, will appear further on. The relation between atmospheric 
pressure and prevailing winds being stated, a tolerably correct 
conception of the prevailing winds in different parts of the earth 
for the months of the year, may be arrived at. 

342. Winds in the North Atlantic and adjoining Regions in 
January, — On examining Plate I., which shows the isobaiic 

* Trans. Boy. Soc. Edin., vol. zxy. p. 586. 
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lines for Jannaiy, it is seen that atmospheric pressure is low at 
this season in Iceland, from which it rises as we proceed in a 
south-west direction towards America, in a south direction over 
the Atlantic, and in a south-east and east direction over Europe 
and Asia. What influence has this remarkable depression of 
atmospheric pressure in determining the prevailing winds over this 
large and important part of the earth's surface ? To assist in 
answering this question, arrows indicating the prevailing winds at 
many places over the globe are laid down on the charts. These 
directions are obtained from good averages, based on observations. 

343. At the North American stations there is a decided prepon- 
derance of winds from the N.W. At the more northern places the 
general direction is more northerly, while farther south it is more 
westerly. In the Atlantic, between Great Britain and America, 
the direction is nearly S.W. ; this is also nearly the direction in 
France, Belgium, and the south of England. At Dublin, and in 
the south of Scotland, it is about W.S.W. ; at Copenhagen and 
Archangel, it is S.S.W. ; at St Petersburg, Vologda, Tobolsk, and 
Berezov, it is nearly S.W. ; on the west of Norway it is generally 
S.SJ5. ; and about Spitzbergen, in the north-west of Iceland, and 
in Greenland, it is N.E. The relation of these winds to the iso- 
baric lines will be seen at once, and it is this : All the prevailing 
winds in January over this extensive region are the simple expres- 
sion of the difference of atmospheric pressure which prevails in 
different parts of the region. The whole of the atmosphere ap- 
pears to flowvorticosely, or in an in-moving spiral course, towards 
the region of low pressure which has its centre about Iceland, 
and extends eastward over the Arctic Sea, north of Russia. 

344. The effect which this distribution of the pressure has on 
the winter climates o£ the respective countries in intensifying or 
in moderating the rigours of winter, might afford materials for an 
interesting discussion. It is to this low pressure which draws 
over Great Britain "W.S.W. winds from the warm waters of the 
Atlantic that we owe, almost wholly, our mild, open, but, it must 
be added, rainy winters. It is the same pressure which gives 
Russia and Central Europe their severe winters, since, on account 
of it, slow, steady, air-currents, from the cold regions of Northern 
Asia, are drawn towards the N.W., N., and N.E. over those parts 
of Europe. It is this consideration which explains fully the enor- 
mous deflection of the isothermal lines seen from Norway east- 
wards and south-eastwards over the Old Continent (Plate IV.) 
Finally, the same low pressure draws over British America and 
the United States by the N.W. wind, the cold, dry currents of the 
arctic regions. In the State of Maine the mean January tempera- 
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tore is about 23°, whilst on the coast of England, 10^ fEurther 
north, it is as high as 40^ 

345. There is a similar, though less marked, region of low pres- 
sure in the north of the Pacific at this season, towards which the 
winds all round flow, the prevailing direction being S. at Steila- 
coom, Oregon ; S.W. in west of Vancouver Island ; E.S.E. at Sitka ; 
E.N.E. at Fort Confidence, Gi^t Bear Lake; NJ!. at Ikogmet, 
N.W. of America ; N.N.E. at Peterpaulshavn, Kamtchatka ; and 
W.N.W. at Chacodate, Japan. From these resulting prevailing 
winds, the winters of Vancouver and adjoining regions are mild 
and moist, whereas in the north-east of Asia they are dry and in- 
tensely cold. 

346. Winds of Asia in January, — These are explained by the 
extraordinarily high pressures which prevail in the interior of the 
continent, and which gradually diminish on all sides on approach- 
ing the coast (Plate I.) The arrows represent the winds flowing 
out of this region of high pressure. At Calcutta the prevailing 
winds in winter are N.; at Hong-Kong, E.N.E. ; at Manila, 
N.E.; at Pekin, N.W.; at Chacodate, in Japan, W.N.W. ; at 
Nikolajewsk, on the Amoor, also W.N.W. ; in the north of Siberia, 
at Nijnikolymsk, S.E. ; at Ustjansk, S.S.W. ; and at Bogoslovsk> 
Ural Mountains, S.W. ; but at places in the interior of Asia the 
atmosphere is generally calm, and the winds light 

347. Under the influence of this high pressure, by which the 
winds all blow from the land seaward, the rainfall of Asia during 
this season is reduced to a minimum, the monthly fall being less 
than an inch, except in Eastern Hindostan and at a few points in 
the Eastern Peninsula, where the north-easterly winds come up 
against hills or high grounds, which condense their moisture into 
rain. The proximity of this area of high pressure to the area of 
low pressure in the North Pacific, makes the coast of Kamtchatka 
one of the most inhospitable regions on the globe. 

348. The bearing of this high pressure on the temperature is 
even more marked than it is on the rainfalL Owing to the exces- 
sive dryness of the atmosphere of Central Asia, terrestrial radia- 
tion is less obstructed than it is anywhere else on the globe ; and 
consequently, &om the heat thus poured into space during this 
season, the mean temperature of January falls to —41^.4 at 
Yakutsk, being the lowest mean temperature which is known to 
occur anywhere on the earth's surface. And since ^m this region 
the winds flow away in different directions, bearing low tempera- 
tures with them, the mean winter temperature of the continent 
of Asia, and of Central and Northern Europe, which is under the 
same physical conditions, is everywhere relatively low. Thus a.t 
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Pekin, lat. 39° 54' N., the mean temperature of January is only 
23^4, whereas in Minorca, lat. 40° N., it is 63°.4 

349. Winds of North America in January. — ^The same re- 
marks are applicable to the North American continent, but in a 
modified degree, owing to its small extent as compared with the 
continent of the eastern hemisphere. Atmospheric pressure is 
highest in the interior of the continent, and the arrows show the 
winds flowing out from this space in all directions, exactly as in 
the case of Asia ; and hence westerly winds prevail in the east^ 
and northerly winds in the south. 

350. Winds of Australia in January, — ^This is the summer 
season of the south hemisphere, during which the land of Australia 
is highly heated, and, as a consequence, pressure is diminished 
in advancing inland. In connection with this low pressure the 
following are the prevailing winds : N. in Sweer's Island, QuK of 
Carpentaria ; N.W. at Somerset, Cape York ; N.E. by E. at Bris- 
bane ; E. at Sydney ; S. at Melbourne ; S.W. by S. at Adelaide ; 
and S.E. by S. at Freemantle, W. Australia. In other words, the 
winds flow in upon the interior from every direction all round, 
vorticosely or in an in-moving spiral course. The prevailing winds 
of South Africa and South America are in all respects similar 

ffin their general direction to that of Australia. 

351. Winds of Asia in July. — ^At this season the central parts 
of Asia are highly heated by the summer sun, and atmospheric 
pressure is in consequence very low, being at least 0.400 inch 
lower than on the seaboard of the continent. Here, again, there 
is the same result of the winds flowing in upon the region of least 
pressure. At Bogoslovsk, in the N.W. of the region, the prevail- 
ing winds are northerly ; at Jerusalem they are N.W. ; at Oorom- 
iah, in Persia, chiefly W. ; in Ceylon, W.S.W. ; at Calcutta, S. ; at 
Hong-Kong, S.S.E. ; at Pekin and New Chwang, S.S.E.; at 
Nangasaki, S. by W. ; at Chacodate, in Japan, nearly S.E. ; at 
Nikolajewsk, E. ; at Nijnikolymsk, N.W. ; and Ustjansk, E.N.E. 
Hence the particular course taken by the winds is a flowing in to- 
wards the region of least pressure in an in-moving spiral course. 
From this it follows that over the south and east of Asia the sum- 
mer direction of the wind is exactly the reverse of the direction 
which prevails in winter. This characteristic of the winds of 
Southern Asia constitutes the well-known monsoons. 

352. Winds in North America in July. — ^The low pressure in 
the interior of America at this season, and the behaviour of the 
winds with respect to it, differ in no respect from what prevails in 
Asia. In both cases the winds flow round and inwards upon the 
regions of low pressure. 
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353. Winds in North Atlantic in July. — ^The remarkable pro- 
trusion of high pressures from the southern hemisphere where they 
are massed at this time of the year, northward into the Atlantic 
to between 10° and 50° lat. N., has been already referred to. It 
wiU be observed that out of this region of high pressure the wind 
blows in aU directions towards and round upon the surrounding 
regions of low pressure. The prevailing winds over this region 
are not only interesting in science viewed in connection with the 
distribution of the pressure, but they are of the greatest import- 
ance in determining the best routes to be taken over this great 
highway of commerce ; and the more so because the ocean-cur- 
rents are coincident with these prevailing winds. 

354. Winds in Australia in July, — This being the winter 
season of the southern hemisphere, pressures are higher in inland 
places in Australia than near the coast. In connection with this 
distribution of the atmosphere, winds are S.E. in Sweep's Island ; 
S.E. by E. at Somerset ; S.W. by S. at Brisbane ; W.N.W. at 
Sydney ; N. at Melbourne ; N.E. by N. at Adelaide ; and between 
N.W. and N.E. at Freemantle. 

355. Winds in the Antarctic Regions. — In these regions, or 
rather to south of about 40° lat. S., mean pressures are low during 
the whole year, being as low as 29.2 inches at 60° lat S., and pro- 
bably still lower on approaching the south pole, as the observations 
made by Sir James C. Ross and other navigators seem to indi- 
cate. The prevailing winds are W.N.W. and N.W. This is the 
region of the " brave west winds," the " roaring forties ** of sailors, 
which play such an important part in navigation, and which 
determine that the outward voyage to Australia be round the 
Cape of Qood Hope and thence eastward, and the homeward 
voyage eastward and roimd Cape Horn, thus circumnavigating 
the globe by the double voyage. 

356. Thus, so far as the prevailing winds on the earth's sur- 
face are concerned, it has been shown that where pressures are 
high — in other words, where there is a surplus of air — out of such 
space winds blow in all directions ; and on the other hand, where 
pressures are low, or where there is a deficiency of air, towards 
such space winds blow from all directions in an in-moving spiral 
course. This outflow of air from a region of high pressure, and 
inflow upon a region of low pressure, is reducible to a single prin- 
ciple — viz., the principle of gravitation. Given as observed facts 
the differences of pressure, it might have been predicted, before 
calculating the averages, what the prevailing winds were. Indeed, 
so predominating is the influence of gravitation, that it may well 
be regarded as the sole force immediately concerned in causing the 
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motions of the atmospliere. If there be any other force or forces 
which set the winds in motion, their influence must be altogether 
insignificant as compared with gravitation. 

357. From what has been stated it is evident that the wind 
does not blow directly from the region of high towards that of low 
pressure, but that in the northern hemisphere the region of lowest 
pressure is to the left * of the direction towards which the wind 
blows. This direction of the prevailing winds with reference to 
the pressure is in exact accordance with Buys Ballot's " Law 
OP THE Winds," which may be thus put : The wind neither blows 
round the centre of least pressure as circles or as tangents to 
the concentric isobaric curves, nor does it blow directly towards 
that centre; but it takes a direction intermediate, approaching, 
however, more nearly to the direction and course of the circular 
curves than of the radii to the centre. Or the angle is not a right 
angle, but from about 60° to 80°. 

358. Since, from its utmost importance in practical meteorology, 
it is impossible to be too familiar with the different forms or ap- 
plication of this Law, we shall state it in two other forms: (1.) 
Stand with your back to the wind, and the lowest barometer, or 
centre of depression, will be to your left in the northern hemi- 
sphere, and to your right in the southern hemisphere. This is the 
guiding principle to sailors, by which they are taught how to steer 
with reference to storms. 

359. (2.) Stand with the high barometer to your right and the 
low barometer to your left,t and the wind will blow on your back. 
It is in this form that the problem of the best ocean routes can be 
worked out from the Isobaric Charts — three of which, January, 
July, and the year, are given in Plates I., II., and III. The follow- 
ing illustration from the July chart will show the method of doing 
this : Let a person off the coast of Portugal stand thus with reference 
to the high pressure in the Atlantic and the low pressure in Africa, 
he will have a N.N.E. wind, and as he proceeded southward along 
the coast of Africa the wind would wear more to the eastward. On 
sailing towards and then through the West Indies towards Florida 
and the south-eastern States, as the influence of the low pressure 
in South America and in North America come successively into 
play in their relations to the high pressure in the Atlantic, the 
prevailing winds gradually become E., E.S.E., S.E., S., S.S.W., 
and S.W., and from this point across the Atlantic to England to 
W.S.W. Similarly the outward and homeward tracks to the Cape 
of Qood Hope and India may be examined. 

* In the southem hemisphere it is to the right of that direction, 
i* These are reversed in the soutbem hemisphere. 
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360. The spaces of low and liigli pressure may therefore be re- 
garded as the true poles of the winds which prevail on the sur- 
face of the earth, towards which, and from which, the great move- 
ments of the atmosphere proceed. From the unequal distribution 
of land and water, it results that the poles of the pressure and 
movements of the atmosphere are, as in the case of the poles .of 
temperature, very fear from being coincident with the north pole. 
It is this which explains why the prevailing winds at so large a 
proportion of stations in the northern hemisphere are not in the 
direction in which truly polar and equatorial currents should 
blow, as explained in par. 341. 

361. The causes which bring about an unequal distribution of the 
mass of the earth's atmosphere are chiefly two — ^viz., the tempera- 
ture primarily, and secondarily the moisture of the atmosphere 
with reference to the geographical distribution of land and water. 

362. Owing to the different relations of land and water to tem- 
perature, which have been already pointed out, the summer tem- 
perature of continents greatly exceeds that of the ocean in the same 
latitudes. Hence the abnormally high temperatures which prevail 
in Asia, Africa, America, and Australia during their respective 
summers, in consequence of which the air becomes specifically 
lighter, and ascends as from a furnace in vast columns thousands 
of miles in diameter. In this way the summer pressure of conti- 
nents is diminished, the amount of the decrease being greatest in 
Asia, the largest continent, and least in Australia, the smallest, 
whilst in America it is intermediate. 

363. Air charged with vapour is specifically lighter than when 
without the vapour — ^that is, the more vapour any quantity of air 
has in it, the less is its specific gravity ; and further, owing to the 
condensation of vapour, the cooling effect is much less in ascend- 
ing currents of saturated air than that which would be experienced 
in ascending columns of dry air. From these two principles it 
follows that the presence of vapour in the air, and its condensa- 
tion, exercise a powerful influence in depressing the barometric 
column. In truth, the chief disturbing influences at work in the 
atmosphere are the forces called into play by its aqueous vapour. 

364 This influence of the vapour in lowering the pressure is 
well illustrated by the low pressure of the belt of calms in the 
tropics towards which the trade-winds blow, laden with the mois- 
ture they have taken up on their way, this belt being character- 
ised by a highly-saturated atmosphere and heavy rains. Again, 
much more vapour is observed in the atmosphere near the Atlan- 
tic during the winter months than at places in the same latitudes 
in the interior of continents. The winter temperature is much 
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higher where the air abounds in vapour than where it is diy. 
Hence, owing to the presence of a larger amount of vapour, and to 
higher temperature, the air resting on the north of the Atlantic 
and regions adjoining is specifically lighter than in the. continents 
which surround it There are here the physical conditions of an 
ascending current ; and it is evident that the strength of this cur- 
rent will be kept up, if indeed it be not increased, by the conden- 
sation which takes place in it, by which a higher temperature, and 
consequently a greater specific lightness, are maintained. In ac- 
cordance with this, it is seen from the charts that an enormous 
diminution of pressure occurs over this region as compared with the 
continents. Similar depressions from like causes occur in the 
Pacific and in antarctic regions. Since dry and cold air is, on the 
other hand, specifically heavy, it might be expected that in the 
interior of continents, where temperatures are low and the air is 
very dry in winter, pressures wordd be high. Observation shows 
that the highest pressures occur in Asia and North America at 
this season. For the same reason, pressures are also highest in 
Australia, South Africa, and South America in the winter months 
of the southern hemisphere. 

365. It has been shown that the tendency of the prevailing 
winds on the surface of the earth is to blow round and in upon 
the space where pressures are low, and out of the space where 
pressures are high. Now, since in this way vast volumes of air are 
poured into the space where pressures are low without increasing 
that pressure, and vast volumes flow out of the space of high pres- 
sure without diminishing that pressure, it necessarily follows that 
the air poured in does not accumulate over this space, but must 
escape into other regions, and that the air which flows out from 
the region of high pressure must have its place supplied by fresh 
accessions from above. 

366. It may be inferred that ascending currents will continue 
to ascend till a height is reached at which the pressure of the air 
composing the currents equals, or just falls short of, the pressure 
in surrounding regions at that high level. At this point the air 
will cease to ascend, and expanding horizontally will begin to flow 
as an upper current over those regions which offer the least re- 
sistance to its course ; in other words, it will flow towards those 
parts whose pressure at that height is least. Over what portions 
of the earth's surface is the pressure of the air least at great heights ? 
Evidently over those regions where the air is coldest and driest 
near the surface of the earth ; because, being thereby densest, the 
great mass of the air is condensed or gathered together in the 
lower beds of the atmosphere, thus leaving less air or a diminished 
preaeure in the upper regions. 
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367. Thus the extraordinarily high winter pressure in Asia is 
caused both by the low temperature and great dryness of its atmo- 
sphere, and by its proximity to the surrounding low pressures of 
the Atlantic, Pacific, and the equatorial regions, from which upper 
currents flow towards the centre of Asia, and compensate for the 
drain arising from the surface winds which blow out of this region 
in all directions. In support of this view it may be stated, that 
whereas in winter the surface winds in India are uniformly from 
some northerly direction, the mean direction of the wind is E.S.E. 
at Dodabetta on the Neilgherry Hills. Thus the winds at the 
surface flow out from the continent, but at Dodabetta, at a height of 
8640 feet, they form part of the upper current flowing toward the 
interior of Asia. In summer, on the other hand, whilst the winds 
at low levels blow from some southerly point, or towards the in- 
terior, they are almost wholly N.W. at Dodabetta ; and whilst the 
surface winds are westerly in Western Asia, the prevailing wind is 
N.E. at Alexandropol, on an elevated plateau about 5000 feet high, 
south of Caucasus. Thus the summer winds at Dodabetta and 
Alexandropol may be regarded as forming part of the upper current 
which flows out of the interior of Asia. 

368. Since in summer the temperature of the air resting on 
the Atlantic between Africa and North America is much lower 
than that of the land, the ascending currents which arise from the 
heated land of Africa, Europe, North and South America, and 
from the region of calms to the south, will, on reaching the upper 
regions of the atmosphere, flow over this part of the Atlantic, be- 
cause, from the lower temperature and greater density of the air in 
the lower bfeds, there is less pressure in the upper regions. Since 
the surface winds are constantly draining away the air poured down 
upon it by the upper currents, extreme saturation cannot take place, 
and hence the air is relatively cool and dry. On the same prin- 
ciples the high pressure in the South Atlantic is explained. 

369. From these considerations it may be concluded that the 
winds on the surface of the earth are approximately known from 
the isobaric lines — the direction being from regions of high to 
those of low pressure, in accordance with Buys Ballot's " Law of 
the Winds ;" and that the upper currents of the atmosphere may 
be inferred from the isobaric lines taken reversely, together with 
the isothermal lines taken directly. In other words, the regions 
of lowest pressure, by giving the ascending currents, point out 
the sources or fountains whence the upper currents flow; and the 
isothermals, by showing where, on account of the low temperature, 
the greater portion of the air is condensed in the lower beds, and so 
diminishing the pressure in the upper beds, point out the regions 
towards and over which these upper currents diffxjfia t\^<eaias3^^»» 
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WINDS— MONSOONS, LOCAL, AND OTHER WINDS. 

370. The term Monsoon, derived from an Arabic word maimniy 
meaning a set time or season of the year, has been long applied to 
the prevailing winds in the Indian Ocean, which blow approxi- 
mately from the S.W, from April to October, and from the N.E., 
or opposite direction, from October to ApriL The existence of 
these periodical winds was made known to the ancient Greeks by 
the Indian expeditions of Alexander the Great ; and by the know- 
ledge thus acquired, Hippalus was emboldened to sail across the 
open sea to Muzeris, the emporium of Malabar. The word Mon- 
soon is now very generally applied to those winds connected with 
continents which are strictly seasonal, or which recur regularly 
with the periodical return of the seasons. They are due imme- 
diately to different pressures and temperatures characteristic of 
continents in summer and in winter, and consequently they have 
their greatest development round the coast of Asia, owing to the 
great extent of this continent. The winds of Asia blow inward 
upon the land during summer, and outward from the land during 
winter ; and hence the direction of the monsoons differ in differ- 
ent regions. Thus in winter and summer respectively, they are 
N.E. and S.W. at Madras ; N.N.W. and S.S.E. at Shanghai ; N.W. 
by W. and S.E. in the north of Japan ; W. by N.W. and E. near 
the mouth of the Amoor ; S.E. to S. and N.W. to N.E. in the 
north of Siberia. 

371. Some time in March the monsoon begins to change ; but 
since the heating of the interior of the continent, and consequently 
the diminution of atmospheric pressure, is not sufficiently great 
so as to be 'decidedly felt till the middle of May, it is not till 
this month that the summer monsoon acquires its full strength, 
and the heavy rains which accompany it fairly set in. In October 
the monsoon again changes, when the rain ceases and the dry season 
begins. These times depending on the sun's course, and conse- 
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quently yaxying to some extent with the latitude, are called the 
breaking-up of the momooTis, and are marked by variable winds, 
intervals of cahn, and furious tempests and hurricanes. Com- 
pared with the trade-winds, monsoons play a most beneficial and 
important part in the economy of the globe. Their great speed, 
and the periodical change in their direction, favour increased 
facility of commercial intercourse between different countries; 
but the full advantages they bring with them will be better seen 
when they are considered in their relations to the rainfall of 
Southern Asia. 

372. The winds of Australia are also monsoonal in their char- 
acter, but owing to the smaller extent of this continent they are 
not so strongly marked ; they do not blow so steadily from the 
same point of the compass as in Southern and Eastern Asia — that 
is, they spread themselves over a larger arc of the compass. Off 
the coast of Mozambique, the trade-winds are diverted more into 
E. winds ; and even as far as Mauritius this influence is felt, the 
S.E. trade changing there into E. during the summer months. The 
S.E. trade of the S. Atlantic is changed into a S.W. monsoon on 
the coast of the Gulf of Guinea. 

373. In North America the winds have a decided monsoon char- 
acter, which is most strongly marked in the southern, central, and 
western regions. The following are the directions of the mon- 
soons at different points in winter and summer respectively : 
N.E. and S.W. at Charleston ; N.N.E. and E.S.E. at Key West, 
south of Florida ; NJE. and S.S.E. at New Orleans ; N. and S.E. 
at Goliad ; N. and E. at Matamoras, on Rio Grande ; N.W. by N. 
and S. at Fort Leavenworth, Kansas ; N.N.W. and S. at Fort 
Yuma, head of Gulf of Califomia ; E.N.E. and W.S.W. at San 
Diego ; and S. and E.N.E. at York Factory, on Hudson Bay. 
These winds are at once explained by the distribution of the 
pressure as shown by the isobaric lines of January and July. 
Similarly, monsoons prevail on the coasts of Brazil, Peru, and 
other regions which happen to lie at any season between other 
regions the temperatures of wHeh widely differ froiA each 
other. 

374. The above are the chief prevailing winds in different parts 
of the globe where the difference of atmospheric pressure is such 
as to cause a decided, and on the whole steady, movement of the 
atmosphere over a large part of the earth's surface, resulting in 
well-marked prevailing winds. But there are other winds which 
are influenced by local causes, such as the nature of the ground, 
whether covered with vegetation or barren ; the physical configur- 
ation of the surface, whether level or mountainous; and the 
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vicinity of seas or lakes. Within the tropics these local influences 
are generally overpowered by the great atmospheric currents 
which may be regarded as constantly prevailing there. But in 
temperate regions, owing to the larger and more frequent de- 
partures of atmospheric pressure from the average, the winds are 
often variable, and they are thereby also more under the influence 
of local causes. 

376. It was long ago remarked by Lord Bacon, and by other 
writers since his time, that the wind more frequently veers with 
the sun*s motion, or passes round the compass in the direction of 
N., N.E., S.E., S., S.W., W., and N.W., to N. The veering is 
due to the influence of the earth's rotation in changing the direc- 
tion of the wind, and the direction of the veering to the circum- 
stance that nearly the whole of Western Europe lies to the right 
of the central track of storms and of those lesser atmospheric 
disturbances which are propagated eastward over this part of the 
earth's surface. At Bear Island, and in the north-west of Iceland, 
which lie on the left side of the path of storms, the veering is in 
the opposite direction — viz., from S.E., E., N.E., N., and N.W. 

376. An important characteristic of winds is their quality — 
being dry or humid, warm or cold, according to their direction, 
and the nature of the earth's surface over which they have passed. 
Thus, in the northern hemisphere southerly winds are warm and 
moist, while northerly winds are cold and dry ; and in the south- 
ern hemisphere vice versd. In Europe westerly winds are moist, 
and easterly winds are dry; while in North America north- 
easterly are cold and humid, and north-westerly winds cold and 
dry. In certain parts of the earth, circumstances occur at stated 
seasons intensifying these eflfects, and causing excessive drought, 
heavy rains, great cold, or great heat, thus giving rise to the 
following, among other, well-known winds : — 

377. The East Winds of Great Britain, — These wiuds prevail, 
as is well known, in spring. They are always dry, but in some 
years, as in May 1866, they reach an almost unprecedented dry- 
ness, such low humidities as 44 and 37 having been observed at 
many places in Scotland at nine in the morning. The deleterious 
influence of the east wind is shown not only in the discomfort and 
imeasiness it gives to the less robust amongst us, but also in the 
largely-increased number of deaths from consumption and brain 
diseases which it causes. The Isobaric Charts for the spring months 
exhibit a smaller difference of mean pressure between Great Britain 
and the north of Europe than during the other months. This 
smaller difference arises from the more frequent occurrence during 
these months of higher pressures to the north and north-east, or 
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lower pressures to the south and south-east, of Great Britain than 
in Great Britain itself ; and it is from the repeated occurrence of 
these throughout the year that next to S.W. or W.S.W., easterly 
winds are the most prevalent. Sometimes, and in some years, 
notably during 1867, high pressures prevail to the north-west of 
Great Britain, in which case the cold current comes to us, not as 
an east wind, but as a north, north-west, or even west wind. But 
it matters not from what direction, or in what disguise, the cold 
dry current comes to us, its noxious characteristics are the same, 
and it is nearly as injurious to health and to vegetation as when 
it comes out of the " horrid east." Thus the cold dry wind which, 
on the 29th April 1868, blasted and shrivelled up vegetation in 
Scotland, particularly in the west, where it seemed as if a scorch- 
ing fire had passed over the country, was from the west. 

378. Very great cold often occurs in Russia with S.K winds, 
and it is all the more striking and severely felt because it is a 
strong-blowing wind which brings it. Seveiil of these have been 
examined, and they are found to occur with very high barometers, 
such as 30.8 inches in Russia, together with a very low pressure 
and a great storm passing over the British Islands and Norway, 
but which does not pass into Russia. These two phenomena are 
probably intimately connected — the high pressure and dry cold 
air of Russia being occasioned by an upper current flowing out from 
the region of the storm, and the S.E. direction being a surface in- 
flow towards the low pressure which accompanies the storm, which 
is to westward at the time. 

379. In the south of Europe north winds in winter are notorious 
for their violence, dryness, and low temperature. The great differ- 
ences of the temperature of the Alps, the Mediterranean, and 
Africa explain them ; and when a northerly current from a high 
atmospheric pressure is descending at the same time over Europe, 
towards a low pressure in the Mediterranean, the effect is greatly 
heightened. Of these winds the most notorious is the Bora, which, 
descending from the Julian Alps, sweeps over the Adriatic — ^the 
bitterly cold tempestuous wind of that much-vexed sea. It is 
probably the Euroclydon mentioned in the Acts of the Apostles. 
The Mistral is a steady, violent, and cold north-west wind which 
blows from France down on the Gulf of Lyons. It is immediately 
caused by a low atmospheric pressure in the Gulf of Lyons as 
compared with the pressure to the north, and is most severe when 
at the same time higher pressures occur from France northwards 
towards the arctic regions. The great cold which prevailed in 
the north of Italy and south of France in the beginning of January 
1868 arose in this way. While it lasted, atmospheric pressure 
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was very low in the north of the Mediterranean, 29.450 inches, 
whence it rapidly rose in advancing northwards to the almost un- 
precedented height of 30.905 inches in the north of Russia, thus 
drawing over the northern coasts of the Mediterranean the northerly 
current in its full strength, which became still colder and drier in 
crossing the Alps on its southward course. The Gregale of Malta 
is a cold dry N.E. wind, and has an origin similar to the MistraL 

380. The Nortes, or " Northers," are dry cold winds which fre- 
quently prevail from September to March in the regions bordering 
on the Gulf of Mexico. They result from the high pressure of the 
interior of North America during winter, taken in connection with 
the low pressure to the south ; and when they occur in the wake 
of storms, the qualities which characterise them are intensified. In 
his ' Climate of America,' R. Russell gives an instance of the tern* 
perature falling in Southern Texas, with a " norther," from 81° to 
18° in 41 hours, and adds that '' such great and sudden changes 
are rendered still more disagreeable by the ' northers ' frequently 
blowing with extreme violence." The influence of these cold 
winds on the vegetation of the Southern States is very deleterious. 
A temperature of 18° with a violent wind is perhaps unknown in 
Great Britain. 

381. The Pampero is a wind from S.W., which blows chiefly 
in the months of July and August across the pampas of South 
America. It is in some respects analogous to the winds under dis- 
cussion. But since it blows from the direction of the Andes over 
the South American continent, it is a dry wind. Its approach is 
indicated by the appearance of a dark cloud in the south-west, 
which rapidly overspreads the sky, and is accompanied with 
thunder and lightning, and dense clouds of dust. Since the air is 
very dry, and the wind blows with great violence, vegetation is 
quickly withered up by it. Its duration is usually brief, some- 
times lasting only a quarter of an hour, but occasionally it con- 
tinues for two or three days. 

382. Puna Winds. — To the east of Arequipa, in Peru, there is 
a barren table-land high up among the mountains, between the 
Eastern and Western Cordilleras, called the Puna, which from 
June to September is swept by cold arid winds. These winds 
may be considered as part of the outflow from the high pressure 
in the South Atlantic towards the lower pressures in the Pacific 
near the equator. The inhabitants, in travelling, find it necessary 
to protect their faces from the glare and heat of the day, and from 
the intense cold of the night The drying qualities of the Puna 
wind are so excessive, that when a mule happens to die in crossing 
the plains, it is turned into a mummy in a few days. Thunder 
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and lightning and wliirlwinds, with sudden changes of tempera- 
ture, are of frequent occurrence. Whilst the general direction of 
the wind is E. and S.K, many of the heaviest gusts are from 
S.W., W., and N.W. 

383. All these winds, which may be grouped together as dry 
and cold, occur during the winter half of the year, and, so feur as 
they have been examined, are immediately connected with a space 
of high pressure out of which they appear to issue, and they blow 
towards a lower barometer where rain is faUing and where the 
temperature is relatively high. A careful examination of the 
climates of different countries would no doubt add largely to the 
number of these winds. In contrast to these, there is a large group 
of winds peculiar to different regions, characterised by extreme 
heat and dryness, the more remarkable of which will be briefly 
described 

384. Simoom (otherwise written simoun, semoun, samoun, 
samun), or sambuli, a name derived from the Arabic samma, sig- 
nifying hot, poisonous, or generally whatever is disagreeable or 
dangerous, is applied to the hot suffocating winds which are pecu- 
liar to the sandy deserts of Africa and Western Asia. In Egypt 
it is called khamsin (Arab, fifty), because it generally continues 
to blow for fifty days, from the end of April to the time of the in- 
undation of the Nile, in June. Owing to the great power of the 
sun's rays, the extreme dryness of the air, and the small conduct- 
ing power of sand, thus causing the accumulation of heat on the 
surface of the land, the superficial layers of sand in the deserts of 
Africa and Arabia become heated to 200* F. to a depth of several 
inches. The air resting on this hot sand becomes also highly 
heated, thus giving rise to ascending currents ; air consequently 
flows towards these heated places from all sides, and, the different 
currents meeting, small cyclones or whirling masses of air are 
formed, which are swept onward by the wind prevailing at the 
time. Since the temperature, originally high, is still further 
raised by the heated grains of sand with which the air is loaded, 
it rapidly increases to a degree almost intolerable. In the shade, 
it was observed by Burckhardt in 1813 to have risen to 122°; and 
by the British Embassy to Abyssinia in 1841, to 126°. It is to 
the parching dryness of this wind, its glowing heat, and its chok- 
ing dust, and not to any really poisonous qualities inherent in it, 
that its destructive effects on animal life are to be ascribed. The 
approach of the simoom is first indicated by a thin haze along the 
horizon, which rapidly becomes denser, and quickly overspreads 
the whole sky. Fierce gusts of wind follow, accompanied with 
clouds of lurid burning sand, which often present the appearance 
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of huge columns of dust whirling forward. Thus vast mounds of 
sand are transported from place to place by the terrible energy of 
the tempest, by which large caravans have been overwhelmed and 
destroyed. The destruction of Seimacherib's army is supposed to 
have been caused by the simoom. The simoom generally lasts from 
six to twenty-four hours, but sometimes for a shorter period. 

385. Hot winds from Africa and other arid deserts are felt in 
neighbouring regions, where they are known under different names. 
They are subject to important modifications by the nature of the 
earth's surface over which they pass. The Sirocco blows occasion- 
ally over Syria, Sicily, South Italy, and other districts. In Sicily 
it is a hot moist wind, receiving its heat from the Sahara, and 
acquiring its moisture in its passage northward over the Mediter- 
ranean. It is the plague of the Two Sicilies ; and while it lasts, 
a haze obscures the atmosphere ; and so great is the fatigue which 
it occasions, that the streets of Palermo become quite deserted. 
In Syria it is a hot dry wind, and is of frequent occurrence during 
the summer months. It sometimes extends to the shores of the 
Black and Caspian Seas, and to the steppes beyond the Volga, the 
seat of the dreaded rinderpest, where, by its blighting touch, vege- 
tation is withered and dried up, and thousands of cattle are cut off. 
It is called the Samiel in Turkey, from its reputed poisonous qua- 
lities. The sirocco blows most frequently in Algeria in July; in 
Marocco, to the west, it blows strongly in July, August, and Sep- 
tember, where it is called shume, or hot wind. The Solano of 
Spain is a south-east wind, extremely hot, and loaded with fine 
dust It prevails at certain seasons in the plains of Mancha 
and Andalusia, particularly at Seville and Cadiz. It produces 
dizziness, and heats the blood to an unusual degree, causing 
great uneasiness and irritation; hence the Spanish proverb, 
"Ask no favour during the Solano." The Harmattan of Sene- 
gambia and Guinea belongs to the same class of winds. It is a 
periodical wind blowing from the dry desert of Africa towards the 
Atlantic, from N. lat. 15° to S.lat. 1°, at intervals from the end of 
November to the middle of February. It blows with moderate 
force, is often highly charged with fine particles of dust, and being 
intensely dry, and no dew falling while it lasts, vegetation soon 
grows languid and withers. 

386. Hot winds, sometimes called the Australian Harmattan, also 
occur in Australia, lasting from 24 to 36 hours. In Victoria they 
come from N.W. ; in South Australia from N.; in the south-west 
of Western Australia from NJE., and in the north-west from S.W. 
and W. They thus occur chiefly in the southern portion of the 
continent, and all blow from the interior seaward. They are in- 
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tensely dry ; and as their temperature is generally from 90° to 100", 
vegetation is quickly parclied up by them. Bush-fires are of fre- 
quent occurrence ; of these the most notable is still remembered 
as the Black Thursday, which occurred on the 14th February 1847. 
During its continuance the temperature was observed as high as 
114°, part of this high temperature being doubtless due to the heat 
of the great fire. 

387. A hot wind from N.W. occasionally prevails in Natal and 
South Africa, bringing with it a temperature from 90° to 97°, and 
a dryness which withers vegetation, and causes the furniture of 
houses to crack with loud explosion. It is probable that these 
blasts of hot wind are immediately connected with low pressures 
accompanying storms which at the time are passing to eastward, 
south of Africa — ^these low pressures drawing the hot dry air of 
the interior southward over Natal. But these and the other hot 
winds referred to can only be inquired into with reference to the 
causes which produce them by weather-charts constructed from 
observations made simultaneously in regions surrounding the 
localities where the hot winds occur. — (See Whirlwinds, Dust- 
storms.) 

388. There are other winds of a stormy character peculiar to 
different parts of the Mediterranean, such as the Levanter in the 
east. The heating of the Sahara in summer causes a general and 
continued flow of the cooler air of the Mediterranean to the south, 
to take the place of the heated air which risfes from the sandy 
desert. These are the Etesian winds of Southern Europe. 
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CHAPTEE XIII. 



STORMS. 

389. Storms are violent commotions of the atmosphere, occnr- 
ring in all climates, and differing from other atmospheric disturb- 
ances in their destructive power and the extent over which they 
spread. The chief facts of observation regarding storms are best 
obtained from Synchronous (Gr. syn, together, and ckronos, time) 
Charts of the Weather over a considerable portion of the globe. 
Since such charts present the principal elements of the weather 
at a given instant, they may be regarded as successive photo- 
graphs of storms in their passage across the earth's surface. 



Storms of Europe (Plate VII.) 

390. Plate VII. is given as illustrative of the general features 
of these storms. It is a Synchronous or Synoptic (Qr. syn, to- 
gether, and optdmai, I see) Chart of Europe, showing, &om 
observations made at about one himdred and fifty places, the 
atmospheric pressure, and the direction and force of the wind at 
8 A.M. of the 2d of November 1863, by which are shown the 
position and character of two storms passing over Europe at the 
time. The isobaric lines are determined by reducing the observa- 
tions of the barometer to 32° and correcting them for height, or 
reducing them to sea-level, and then setting down the pressures 
thus obtained at each place on the map. From these figures, 
isobaric lines are drawn for every two tenths of an English 
inch in the difference of the pressure. They are the red lines of 
the chart. Hence, where these lines approach near each other, or 
crowd together, tlie difference of pressure, or the atmospheric 
disturbance, was greatest ; and least where they are most apart — 
a distinction of vital importance in relation to^the force of the 
wind. The force of the wind is shown by arrows represented as 
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flying with the wind. A plain arrow ^ shows that the pres- 
sure does not amount to 1 on the scale to 6 ; ^ > that the 
pressure is 1 on the same scale ; y/ > that it equals 2 ; and so on 
up to ; ^jgjay ^ , which represents 6^ a violent storm or hurricane. 
This arrow I — --> indicates that the force of the wind is not 
known ; and Q represents a calm. 

391. Form and Extent of Storms, — The curved isobaric 
lines on the chart represent the shape storms generally assume. 
The area of European storms is generally either roughly circular 
or elliptical, and when elliptical, the major axis of the ellipse 
seldom exceeds twice the length of the minor axis. Barely in 
Europe, and in America, though less rarely in the southern part 
of the Indian Ocean, the form of storms is more elongated. 
The outline is occasionally very irregular, but in such cases the 
storm will generally be found to have parted into two, or more 
rarely three, centres of low pressure. The irregular shape of the 
isobaric lines may arise from two storms distinct from each other, 
though appearing in the chart at the same time, as on Plate Yll. 
The circular or elliptical form of storms, which an examination of 
some hundreds proves to be their general characteristic, is a most 
important feature, whether as determining practical rules for the 
guidance of sailors in storms, or for the foretelling of storms at 
particular seaports. The extent over which storms spread is very 
variable, being seldom less than 600 miles in diameter, but offcener 
two or three times that amount, or even more. Thus the storm 
in the chart which had at the time its centre near Birmingham, 
extended in one direction at least as far south as Bordeaux, or 600 
miles. Its diameter was therefore about 1200 miles, or about the 
average extent. Sometimes a region much greater than the whole 
of Europe appears to be involved in a single storm at one time. 
The area of storms is by no means constant from day to day, but 
varies in size, sometimes expanding and sometimes contracting ; 
and it is worthy of remark that, when a storm contracts in area, 
the central depression gives signs of filling up, and the storm of 
dying out. Thus the storm which was at Birmingham on the 2d 
November had, on arriving at Jutland on the foUowing morning, 
contracted to one-fourth part of its former diameter, and the 
central depression, instead of 28.9 inches, was only 29.3 inches. 
Similarly the storm seen in the north of Sweden covered a»much 
wider area while passing over Great Britain. On the other hand, 
when a storm increases in extent, the central barometric depression 
becomes deeper, the "storm increases in violence, and occasionally 
is broken up into two, or even three, depressions, which become 
separate storms, with the wind circling spirally round each. 
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392. Direction in which European Storms advance, — It may be 
premised that by the direction of the progressive motion of a 
storm is meant, not the direction of the wind, but the path 
followed by the central area of disturbance, as shown by the 
lowest barometric pressures. About half the storms of middle 
and northern Europe travel from S.W. or W.S.W. towards N.E. 
or E.N.E., and nineteen out of every twenty, at least, travel to- 
wards some point in the quadrant of the compass from the north- 
east to the south-east. Thus the general direction from which 
storms come is westerly, understanding by the term any point of 
the compass from S.W. to N.W. Several storms have advanced 
on Great Britain from N.W. ; still more have come from W.N.W. 
and W. ; but the larger proportion appear to come from W.S.W. 
and S.W., and advance towards E.N.E. and N.E. These propor- 
tions are only conjecturaL In Plate VII. the two blue lines 
represent the track of the centre of each of the storms. Thus the 
storm which on the morning of the 2d November 1863 was in the 
north of Sweden, had arrived thither from the west of Ireland 
and Shetland ; its course being thus/rom south-west to north-east. 
The other storm, the centre of which was at Birmingham on the 2d 
November, had advanced from the south-west of Ireland ; on the 
two following days it continued its eastward course to Denmark 
and the Baltic Sea, where it died out. The first of these direc- 
tions, as just stated, is the most general, and the second the next 
most common. The disastrous storm of November 1854, which 
inflicted so much damage on the British and French fleets during 
the Crimean war, travelled towards the south-east, over Great 
Britain, Austria, and the Black Sea, into Asia. 

393. The least common, or rather rarest, direction in which 
storms travel, is toward some westerly point The great snow- 
storm which occurred in Europe in January 1836, and which has 
been admirably traced and described by Professor Loomis, America, 
began, as the barometric curves prove, in the north-east of Bussia, 
and thence proceeded south-west to the Swiss Alps, where its 
westward course would appear to have terminated. A few other 
storms might be mentioned, particularly during winter and spring, 
which have advanced from eastern or north-eastern Russia wei- 
ward as far as Norway or Denmark, where generally their western 
course »is arrested ; they then retreat on their course and proceed 
eastward. The dry east winds in the British Islands are very often 
instances of weather-changes advancing in a westerly direction. 

394 But again, storms have been repeatedly observed to remain 
stationary for several days in succession over the Bay of Biscay ; 
and occasionally, though less frequently, over the Gulfe of Bothida 
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and Finland. It slionld be here noted tliat both these regions lie 
to the north-east of extensive mountain-ranges bordering on the 
Atlantic ; hence any system of weather-warnings is incomplete 
without daily telegrams from these regions, especially the Bay of 
Biscay, Norway, Sweden, and the north of Bussia. A stationary 
low pressure around Bayonne — which, for example, prevailed for 
nearly a week during May 1866 — ^influences the direction of the 
winds in the south of Great Britain by drawing them towards it, — 
and it may be remarked in passing, that no inconsiderable propor- 
tion of the east winds of the south of England occur under these 
conditions — and a low pressure in the Baltic or Gulf of Bothnia, 
either stationary or having advanced thither from the east, influ- 
ences the winds at the seaports of Great Britain by giving to them 
a W., or rather N.W., direction. It is during the occurrence of 
such storms in the north of Sweden and Bussia that heavy west- 
erly gales occur in Great Britain, blowing from the same point 
several days in succession. It is only by daily weather-telegrams 
from the north of Sweden and Bussia that warning of such gales 
can be sent to seamen about to navigate the dangerous waters of 
the Pentland Firth. And since heavy northerly and easterly gales 
prevail in North Britain, when a storm from the N.W. passes over 
the north of Norway and descends on the Baltic, the desirableness 
of weather-telegrams from the north of Norway, so as to complete 
a system of storm-warnings for Great Britain, will readily appear. 

395. Storms do not always proceed in the same uniform direc- 
tion from day to day, but occasionally change that direction. 
Though the change which occurs in the direction of the progressive 
movement is generally small, as shown by the tracks or blue lines 
on Plate VII., yet sometimes it is very considerable. Storms are 
sometimes observed to die out on reaching Bussia, and when this 
happens the barometer at places to the eastward of the storm has 
been rising, instead of falling as usual in the front of storms, and 
the sky has remained clear, the air dry, and the temperature low. 
In passing through Bussia storms are frequently of less extent than 
when passing over western Europe — a remark of general applica- 
tion to storms in passing from a wet into a dry climate. The 
two storms on the chart died out, the one in Finland and the other 
in the Baltic. 

396. Bate at which Storms travel, — Figures or dates will be 
observed on the blue lines, Plate VII., indicating the tracks fol- 
lowed by both storms. These show the position of the centre of 
the storm on the mornings of the successive days on which they 
appear on the charts. The dates are, beginning in the west, for 
the flrst storm, 29th, 30th October, Ist and 2d November ; and 
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for the second storm, Ist, 2d, 3d, and 4th November. These give 
a mean rate of about 18 miles an hour, which is nearly the average 
rate at which storms travel across Europe. Sometimes the rate is 
only 15 miles an hour; or even, as already stated, in certain 
situations and under certain circumstances they are stationary ; 
whilst on rare occasions they travel at a rate of 45 miles an hour. 
Since the distance from the south-west of Ireland to the east of 
Great Britain is about 450 nules, it foUows that even after a stomi 
has appeared on the west of Ireland, the eastern seaports may 
generally be warned of its approach twenty-four hours before the 
force of the gale begins to be felt, even though no warning be 
issued until the storm has actually made its appearance in Ireland. 

397. The shortness of the time generally elapsing between the 
commencement of a storm on the west of Ireland and its arrival 
even on the eastern ports of Great Britain, points out the inutility 
of any system of storm-wamings which does not include the 
receipt, six or eight times a-day,'when the state of the weather is 
such as to require it, of barometric and wind observations made 
every hour in the extreme west of Ireland ; and immediate inti- 
mation of the breaking out of a storm, and also of weather seem- 
ing to threaten a storm, from the telegraph stations in the west of 
the British Isles, France, and Spain. For thus only can the ap- 
pearance of a storm likely to pass over the British Islands be de- 
tected in time, followed in its course by the telegraph, and timely 
warning of its approach sent to different ports ; and thus only can 
security be had that the storm will not outstrip the ** Signal" 
announcing its approach. 

398. General Path of Storms over Europe, — This point has not 
yet been properly investigated ; but the two blue lines may be 
regarded as showing not only the two most general directions in 
which storms travel, but also the average tracks of the routes — ^the 
track north of Great Britain being the more common. 

399. Relations of the Temperature and the Dew-point to Storms. 
— The temperature increases at places towards which, and over 
which, the front part of the storm is advancing, and falls at those 
places over which the front of the storm has already passed. In 
other words, the temperature rises as the barometer falls, and falls 
as the barometer rises. Generally the temperature in advance of 
the storm is above the average, and in the rear of the storm below 
it ; but if it should chance to be considerably above the average 
of the season in advance of the storm, it may still be above the 
average when the storm has passed, though lower than it was 
before it. If the temperature begin soon and markedly to rise 
after the storm has passed, a second storm may be expected in a 
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short time. In front of a storm the dew-point is high, in the rear 
it is low. This state of things is not what is merely due to the 
high temperature in the one case, and to the low temperature in 
the other; for, along with the high dew-point there is great 
humidity, and along with the low dew-point a small humidity. 
To express this in popular language — ^before the storm, the air is 
close and warm (for the season); but after the storm has passed, 
the air is cold and dry. This excessive humidity in the front of 
storms, or an excess of moisture in the atmosphere, holds good 
universally in storms ; and to show how this moisture accumulates 
in the region over which the storm is propagated, would go very far 
in explainihg the storm's origin — of such importance is the vapour 
of the atmosphere in atmospheric disturbances. 

400. Relations of Rain arid Clovd to Storms. — When the baro- 
meter has been falling for some time, clouds begin to overspread 
the sky, and rain to fall at intervals ; and as the central depres- 
sion approaches, the rain becomes more general, heavy, and con- 
tinuous. After the centre of the storm has passed, or when the 
barometer has begun to rise, the rain becomes less heavy, falling 
rather in showers than continuously ; the clouds break up ; and 
fine weather, ushered in with cold breezes, ultimately prevails. 
The rainfall is generally proportioned to the suddenness and 
extent of the atmospheric depression at the place where it falls. 



Observations of the Wind. 

401. Direction of the Wind, — Let us first look at the winds in 
the storm which was passing over the British Islands on the 2d 
November 1863 (Plate VII.) On that occasion the lowest atmo- 
spheric pressure was in the central districts of England, from 
which it rose to some extent all round. The arrows, representing 
the winds as observed at the different stations, show that the 
general direction was as follows : W.S.W. and S.W. in the north, 
west, and centre of France ; S. in north-east of France, in Norfolk, 
in Belgium, and in Holland ; S.E. in north of England and south- 
west of Norway ; E. and N.E. in Scotland and Iceland ; N. in 
west of Scotland, and north and east of Ireland; N.W. and 
W.N.W. in west of Ireland and south-west of England. Thus 
the wind blew in all directions round the central patch of low 
pressure. Again, if the direction of the wind be referred to the 
region where the pressure was lowest — ^viz., in the centre of Eng- 
land — it will be seen that it did not blow directly towards this 
region, but to a point somewhere to the light hand of it. Thus 
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in France, south of the area of least pressure, the wind was not S. 
but W.S.W. and S.W. ; in Belgium and to the south-east of it, the 
wind was not S.E. but S. ; at Silloth, Solway Firth, to the N.N. W. 
of it, the wind was not N.N.W. but N.E. ; and in the west of Ire- 
land, to the west of it, the wind was not W. but N.W., &c With 
regard to the isobaric lines, the wind did not blow round the lines 
in circles returning on themselves, nor did it blow across them at 
right angles, holding a straight course towards the region of least 
pressure, but it took a direction somewhere intermediate between 
these two directions. This relation is what is known as Buys 
Ballot's " Law of the Winds," par. 357. It is unquestionably the 
general direction of the wind in storms, but the angle, while 
generally from 60° to 80°, is sometimes as smaU as 45°, espe- 
cially where the winds become lighter on approaching the central 
space of least pressure, and on rare and peculiar occasions it ex- 
ceeds 80° or even 90°. The same general characteristic of the 
wind is also illustrated by the storm which at the same time 
prevailed in Lapland and the north of Norway. 

402. From this it follows that in these cases the wind blew 
round the area of low barometer in a circular manner, and in a 
direction contrary to the motion of the hands of a watch, with, 
and be this particularly noted, a constant tendency to turn in- 
wards towards the centre of least pressure. It will be observed 
that the greater the force of the wind was at any place, the more 
nearly was the direction here indicated approximated to; and 
that where the direction showed any material departure from the 
general law, such winds were light, and consequently more under 
local influences, which tend to turn them out of their course. 
Hence in these storms the winds circulated round the region of 
least pressure ; or, to state it more accurately, the whole atmo- 
spheric system appeared \x>flow in upon the central area of low 
pressure in an in-moving spiral course. This peculiarity is com- 
mon to all European storms, and probably to aU storms wherever 
observed. 

403. On the 2d November the pressure over England being 
much less than in surrounding countries, if the earth had been at 
rest, it may be assumed that air-currents would have flowed from 
all directions towards England in straight lines. The earth, how- 
ever, is not at rest, but revolves from west to east ; and as the 
velocity of rotation diminishes as the latitude increases, it is evi- 
dent that the current which set out, say from Lyons from S., would, 
on account of its greater initial velocity, blow, when it arrived at 
Paris, no longer directly S., but from a point a little the W. of S. ; 
in other words, it would no longer be a south, but a south-west 
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wind. Again, since the cnrrent &om the north of Scotland had a 
less velocity than those parts of the earth's surface on which it 
advanced, it lagged belund, and consequently, by the time it 
arrived at Silloth, in the north of England, changed from a N. to 
a N.E. wind. Sinailarly the N.W. current changed to a N., the 
S.W. to a W., &c. The west and east currents, since they con- 
tinued to blow in the same latitude, would have blown in the 
same direction, if they had not been disturbed by contiguous cur- 
rents. Hence in a storm the whole system of winds may be 
expected to flow in and round upon the centre. As a further con- 
firmation of the correctness of this explanation, it is observed 
that, when a high barometric pressure covers a limited space, the 
wind is always observed gently whirling out of this area of high 
barometer, but in an exactly opposite dSection from that assumed 
when it blows round and in upon an area of low pressure. This, 
it will be observed, is the same relation that has been already 
shown to obtain between the mean barometric pressure of neigh- 
bouring regions and their prevailing winds ; but, in the case of 
storms, the relation is more strongly marked, inasmuch as the 
barometric differences are greater, and the whole phenomena are, 
as it were, condensed into smaller space. 

404. Apparent Exceptions. — (1.) The influence of local causes 
in changing the direction of the wind, especially when light or 
moderate, has been already referred to. Suppose a W. wind to 
prevail in the west of Scotland, then a S.W. wind would prevail 
in the upper part of Loch Fyne, Argyleshire, which lies from 
S.W. to KE. ;' in other words, the wind would be diverted from 
its general course into that of the valley of Loch Fyne. This 
peculiarity of the wind is well known and acted on by seamen. 
In inland situations, the influence of hills and valleys in changing 
the direction of the wind is everywhere recognised. (2.) The 
irregular outlines of some of the isobaric lines (Plate VII.) 
suggest that the increase of pressure from the lower to the higher 
is not in all cases imiform, but that there occasionally occur 
interruptions in its regular fall or rise over the space covered by 
the storm. Thus, on the morning of 2d November 1863, small 
local depressions occurred in the valley of the Clyde ; on the coast 
of the Gulf of Genoa, near Geneva, in the north-east of Austria, 
and near Odessa in the Black Sea ; and in all of these regions 
corresponding deviations of the wind may be observed. (3.) Since 
the relations of pressure at great heights over different places may 
be, nay often are, very different from what obtains near the level 
of the sea, the direction of the wind at these heights cannot bo 
referred to isobaric lines showing the pressure at the level of the 
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sea. The value of observations from high stations, as previously 
stated, consists in the earlier notice they give of the prevalence of 
the equatorial current and saturation of the atmosphere by means 
of it, and consequently of coming changes of weather, including 
the approach of storms. 

405. Storms cover a large portion of the earth's surface, and 
since the part of the earth's atmosphere involved in the storm 
must be simultaneously moved as one mass by the differences of 
pressure, it is evident that, as the storm extends over many de- 
grees of latitude, the influence of the earth's rotation must be very 
considerable. Another force is also, no doubt, brought into play 
in determining the flow of the winds round and in upon the re- 
gion of least pressure, resisting the direct flow of the winds towards 
it, such as we see exemplified in the movements of water let off 
from a bath of stagnant water, which result in whirling currents 
flowing round and in upon the centre in an in-moving spiral course. 
According to this view the rotation of the earth will account for 
the direction in which storms revolve round their centres of least 
pressure, and for part of the angle of 60° or 80° of deviation from 
the centripetal direction of the winds ; whilst the rest of the angle 
of deviation will be due to the elastic force of the air-currents as 
they are pressed inward towards the centre, or forced upward into 
the higher regions of the atmosphere by the greater pressure all 
round. In this way it is easy to understand, from the unequal 
distribution of vapour and heat through the air-currents, and their 
unequal and varying tensions, why the angle of deviation from the 
drawing force may on rare occasions, and over limited districts, 
amount to, or even sometimes exceed, 90°. 

406. The Force and Velocity of the Wind. — It will be observed 
from Plate VII., that everywhere in Scotland, except in the ex- 
treme south, the winds did not exceed in force a moderate breeze 
(represented on the chart by two feathers on the arrows). Over 
this space the isobaric lines are far apart ; and it wiU be observed 
in the other parts of Europe where these lines are far apart, that the 
wind did not reach the force of a gale. In the south of Scotland, 
the north of England, and in Ireland, where the isobaric lines 28.9 
and 29.1 inches approach close to each other, the wind was strong. 
Thus gales were at this time blowing at Scarborough, St Abb's 
Head, Isle of Man, Dublin, and Valencia. The isobaric lines also 
approach near each other over the south of England, the northern 
half of France, and in Belgium and Holland ; and it will be seen 
that over all this region the airows have from four to six feathers, 
showing that there the wind was blowing a gale or a tempest (8 
to 12 on Beaufort's scale). 
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407. Near the centres of the isobaric curves which marked the 
position of the storms in England and in the north of Sweden, 
calms and light winds prevailed. We thus see that, as the wind 
comes near the cientre of the storm, it gradually abates in force 
and sinks to a lull or calm. At Christiania, and places adjacent, 
between the two storms, where the pressure differed little over a 
considerable space, calms also prevailed. Observations from the 
east of Eussia, including a number further to the east than those 
of the chart, show that calms and light winds prevailed along the 
ridge of high barometer, or the region where the barometer was 
highest, and in receding from which it fell on each side. It may 
not inaptly be compared with the watershed in physical geo- 
graphy, since from it the wind flows away to places where pressure 
is less. 

408. Since at such times the atmospheric pressure is unusually 
low, the foul air imprisoned in the mineral of coal-pits escapes 
more readily into the air, accompanied with a buzzing sound, which 
miners regard as prognostic of a storm or of heavy rain. Accord- 
ingly, it is when the barometer is low that explosions from fire- 
damp in mines are of most frequent occurrence. 

409. Cause of Hie Heavy and Frequent Gales in the English 
Channel, — During the cold months of the year, when storms are 
most frequent, the mean atmospheric pressure in Iceland is only 
about 29.3 inches, while in France and North Germany it exceeds 
30 inches. Further, in Iceland, the pressure is often below 29 
inches ; whereas south of the Channel it seldom falls below 29.5 
inches, even when the centres of storms pass over that region. 
Thus, when the centres of storms are passing over Great Britain, 
the pressure in France and Germany remains high. It results, 
therefore, from the position of Great Britain in relation to this 
distribution of pressure, that north of the centre of storms the 
wind sometimes scarcely rises to the strength of a gale ; but 
south of the central path of the storm, which generally includes 
the English Channel, the storm bursts forth in all its fury — ^that 
arm of the sea being, as it were, in the aerial rapids of the storm 
between the high and the low barometer. The stormy character 
of the Channel has proved one of England's most valuable 
safeguards, in affording protection from invasion ; but more 
especially in forming a hardy race of sailors, who have proved 
its best defence. 

410. It has been stated that the progressive motion of storms 
varies from 15 to 30, or even, on rare occasions, 45 miles per hour, 
which measures the time taken in passing from one place to an- 
other. But this gives no indication whatever of the violence of 
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the storm, which is iTetcrmined by the velocity of the wind as it 
blows round and in upon the centre of the storm, combined with 
the onward movement. In Europe it frequently amounts to 60 or 
70 miles an hour continuously for some time. At Liverpool, on 
the 1st February 1868, there were short intervals between 11.30 
A.M. and 12.30 p.m. when the velocity of the wind was at the rate 
of from 100 to 120 miles an hour. Since all examinations of 
storms show that where the isobaric lines crowd together the vio- 
lence of the storm is greatest, and where they are far apart the 
winds are light or moderate, it may be concluded generally that 
the force of the tuind at any place is proportioned to the differences 
of the barometric pressures between which it is for the time situated. 
The occurrence of a storm of wind is neither determined hj the 
lowness of the barometer, the opinion vulgarly entertained, nor 
by the rapidity of the rate at which the barometer rises or falls, 
which may be to a great extent due to the velocity of the progres- 
sive motion of the whole body of the storm, but by the simultane- 
ous occurrence of great differences of pressure between places not 
far distant from each other. 

411. Thomas Stevenson, C.E., has proposed to express the nu- 
merical intensities of storms by what he calls the barometric 
gradient (Lat. grddus, a step), which is obtained by the simple 
arithmetic division of the distance between the two places, 
stated in nautical miles, by the difference of pressure observed 
simultaneously, stated in inches of mercury. Thus, suppose the 
distance between two places to be 100 nautical miles, and the 
readings of the barometer respectively 29.5 and 30.0 inches, the 
barometric gradient between the two places would be at the rate 
of 1 inch of mercury to 200 miles. In an examination of several 
European storms, Mr Stevenson shows that in Great Britain, baro- 
metric gradients of 1 inch of mercury to 170 miles have produced 
atmospheric disturbances sufficient to endanger many of our struc- 
tures. 

412. Veering of the Wind. — It follows from the direction of 
rotation of storms, that at places to the right-hand side of the 
track of the centre of the storm the wind shifts in the direction 
from N.E., by E., S., and W., to N.W., and at places on the left- 
hand side from N.E. by N. to N.W. This is what is observed at 
some distance from the centre of the storm, or beyond the path 
taken by the lowest pressures which mark the course of the centre. 
But at places over which the central calm passes, the wind after 
the luU changes at once, generally 90° and often 180° in the direc- 
tion indicated above. Since the centres of most of the storms 
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pass to the north of the British Islands, the wind most frequently 
veers from S.E. by S., and aW. to W.N.W. or N.W. 



Storms of America. 

413. From the general resemblance of the American storms to 
those of Europe, it will only be necessary to make one or two 
general remarks regarding them. The storm which passed over 
the United States during the 19th, 20th, and 21st December 1836, 
has been very fully detailed by Professor Loomis in a series of 
five well-executed synchronous charts. This storm extended from 
north to south, probably about 3000 miles, forming an oval figure, 
the length of which was from two to three times its breadth. In 
every one of the charts the winds are seen circling round the area 
of least pressure, with a constant tendency to turn inwards towards 
that area ; in other words, in this feature the storm was precisely 
similar to the storms of Europe. Comparing the southern limit 
of the storm on the successive charts together, we see that its pro- 
gressive march was from south-west to north-east, or nearly so, 
resembling also in this respect the storms of Europe. The tem- 
perature, rainfall, snow, cloud, and clear sky, were perfectly 
analogous to the storms of Europe. 

414. The storm which passed over the United States from the 
13th to the 16th March 1859 was nearly circular, or but slightly 
elliptical, over the region where atmospheric disturbance was 
greatest ; and the diameter of this region of disturbance wajs about 
1000 nules. On the morning of the 16th the ellipses marked out 
by the isobaiic lines were more elongated, with the major axes 
lying along the line of the coast from Delaware to Newfound- 
land — ^that is, nearly from S.W. to N.E. This storm, as marked 
out by the area of low pressures, has been tracked from Texas on 
the 13th, through the United States to Newfoundland, across the 
Atlantic and into Europe as far as St Petersburg, which it 
reached on the morning of the 23d, having thus taken nearly 
eleven days to travel about 5300 nules. It thus travelled at the 
rate of 20 miles an hour, and its track was from W.S.W. to E.N.E. 
Another storm which occurred immediately after it, travelled over 
the United States, but died out shortly after reaching the Atlantic ; 
whereas a third storm, occurring at the same time, originated in 
the Atlantic, and passed nearly N.E. towards the north of Norway. 
The storms of America take their rise in the great plain which lies 
immediately to the east of the Bocky Mountains, and thence ad- 
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vance, generally in an east-north-easterly direction, across the 
United States. 

415. The most striking difference between American and 
European storms is in the N.W. winds which accompany them. 
In ionerica, the barometer rises in the wake of storms more 
rapidly, the wind veers round more quickly and more imiformly 
to the N.W., N.KW., or N., and keeps longer in these directions, 
and at the same time the temperature falls very much lower than 
usually happens in Europe. It is well known that in Great 
Britain a stormy winter is a mild winter. For though the tem- 
perature is always higher in the front part of a storm than it is in 
the rear of it, the difference does not average more than about 10°. 
The period from the 26th of October to the end of December 
1863, was remarkable for the number of storms which occurred — 
about fourteen well-marked storms have swept over Great Britain 
in that time. During these months frost scarcely occurred. The 
uniform mildness of the weather was shown by the circumstance 
that in the end of December 245 plants were in flower in the open 
air in the Edinburgh Royal Botanic Gardens, 35 of these being 
spring flowers ; and the strange spectacle was seen of Sweet Peas 
and Hepaticas blooming together. 



Storms or Hurricanes of the Tropics (Plato VIII.) 

416. The Bahama Hurricane op October 1866. — On Plate 
VIII. are exhibited the isobaric lines and the direction of the 
winds at different places in the West Indies at 8 p.m. on the 
1st October 1866, when the centre of this storm was at Nassau. 
At this instant the barometer was 27.7 inches at Bahamas, while 
at a distance of 286 miles it was as high as 29.7 inches ; at Ber- 
muda, St Thomas, and Barbadoes, it was at the average height ; 
but to the east, north-east, and north of Barbadoes, it was above 
the average height of that part of the Atlantic. These figures 
show such extraordinarily steep barometric gradients as never 
occur beyond the tropics. In Great Britain the fall of one-tenth 
of an inch of the barometer in an hour is reckoned a large fall, 
such as only accompanies great storms ; but during this storm, 
when the barometer was falling most rapidly, it fell at Nassau 
0.700 inch in one hour, from 4 to 5 p.m. The fall of the baro- 
meter became more rapid as the centre of the storm approached ; 
but at the centre the pressure remained nearly stationary for 
a time during the lull which there prevailed, and before the 
barometer began to rise. Siace at Nassau the lull at the centre 
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lasted from 7.20 p.m. to 8.50, it may be inferred, from the rate at 
which the whole body of the hurricane was carried forward, that 
the calm at the centre covered an area of at least 23 miles across. 
This calm may be considered as bounded nearly by the isobaric 
27.800 inches, in the centre of which the pressure was only 
27.700 inches. Since ordinarily, within the tropics, the baro- 
meter rises and falls so little that it may be practically regarded 
as stationary, such enormous changes of the barometer are the 
more striking ; they are so sudden that the eye, in looking at the 
mercurial colimin, can plainly see it falling, and they may be 
regarded as registering rather than foretelling the different stages 
in the progress of the stornk 

417. JStorm-Wave of the Sea accompanying the Hurricane, — 
Owing to the diminished pressure of the air at the centre as com- 
pared with what prevailed at the outskirts of the storm, the 
difference being fuUy two inches of mercury, the level of the sea 
at the centre would be raised about three feet, being sustained at 
that height by the greater pressure all round This increase of 
level, when occurring at high tide, and being increased still further 
by violent winds blowing in upon the centre, quite accounts for the 
advances made by the sea over the land, especially over low-lying 
islands, and the heartrending scenes of desolation which it caused. 
In certain parts of Turk Islands and some other flat islands, those 
only were saved from drowning who succeeded in climbing up 
the trees. The great storm which swept over Calcutta on the 5th 
October 1864, furnishes a notable illustration of the destructive 
power of the storm-wave occasioned by such low atmospheric 
pressures. On that occasion the sea, rising ten feet above the 
highest spring-tides, broke over its usual bounds, and laid the 
whole level country at the mouth of the Ganges under water, by 
which 45,000 human beings perished. 

418. Direction of the Wind. — ^From the chart, Plate VIII., in 
Tvhich the arrows represent the winds at 8 p.m. of the 1st October, 
it will be observed that in no case did the winds blow directly to 
the centre of least pressure in any part of the storm's course, or 
blow round the area of low pressure in circles returning on them- 
selves ; but in every instance they blew in a direction intermedi- 
ate between these two directions. Thus the storm was rotatory, 
and it revolved in a direction contrary to the hands of a watch ; 
the winds blowing in upon the centre in spirally in-moving 
currents of air. In these respects, this hurricane resembled 
European and American storms. 

419. Frobable Track of the Centre of the Storm. — From obser- 
vations received, it was clearly seen that the storm began to the 
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eastward of St Thomas, and thence pursued a W.N.W. course, 
coming round to Nassau ; thence its course was to the NJl, pass- 
ing 150 miles to the north of Bermuda. Its course thus assumed 
the form of a parabolic curve, with Nassau near the apex, being 
the track usually followed by West Indian hurricanes. 

420. Bate of the Onward Course of the Hurricane, and Velo- 
city of the Wind. — ^The rate at which the whole body of the storm 
travelled was slow as compared with European storms, being only 
fifteen miles, until it had passed the Bahamas and was nearing 
Bermuda, when it proceeded with the accelerated speed of thirty 
miles an hour. But this rate gives no idea of the violence of the 
hurricane, which depends on the sp«ed with which the winds 
whirl round and in upon the centre. This, doubtless, rose to a 
steady velocity of from 80 to 100 miles an hour, and for short 
intervals to 120 or even 130 miles an hour, a velocity which was 
registered during the Guadaloupe hurricane of September 1865. 
The long black list of wrecks recorded, bears testimony only too 
emphatic to the devouring energy of the hurricane. 

421. Veering of the Wind during the Storm, — ^At places situ- 
ated in the south or left-hand side of the storm's track, the veer- 
ing of the wind was from N Jl. by N.jW., S., and E. to N.E. ; but 
on the right-hand side of the storm's track the wind veered from 
N.E. to E., S., W., and N. to N.E. At St Croix the wind veered 
from NJE. by W. to S.E, and afterwards to E.N.E., or nearly round 
the compass ; but, as observed on board the ship Mexican, the 
veerings were only from E. by S. to W., or about half the compass. 
In the former case the place of observation was much nearer the 
centre of the storm than in the latter case. Generally, the extent 
through which the wind veers at any place diminishes in pro- 
portion to its distance from the centre of the storm when it 
passes that place; and at places situated just at the outside of 
the area swept over by the storm, the veering of the wind is very 
small. 

422. While the vortex of the storm was passing over Nassau, 
Captain Chatfield remarks that the atmosphere was most oppres- 
sive, and the clouds in the zenith appeared to he revolving rap- 
idly; there was a little lightning, but no thunder ; at 7.30 the 
clouds in the zenith rose, and the stars appeared, while banks of 
clouds remained all round the horizon in dense heavy masses. 
These appearances which occur at the centre or "eye of the 
storm" are well known to sailors who have encountered tropical 
storms, and they illustrate well the revolving character of these 
storms. 

423. West Indian hurricanes occur most frequently from July 
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to October. From Poe/s 'Chronological Table of 365 West 
Indian and North Atlantic Hurricanes, from 1493 to 1855/ we 
learn that 42 occurred in July, 96 in August, 80 in September, 
69 in October, and the remaining 68 were distributed over the 
other eight months of the year. The tracks of the more import- 
ant of these storms are laid down in Dr Keith Johnston's * Phy- 
sical Atlas.' 

Storms of Southern Afiia. 

424. Typhoons, — The name Typhoon (Gr. typhon, whirling) 
is applied to the storms of the northern part of the Indian Ocean 
and of the Chinese Sea. As regards their form, the sudden baro- 
metric changes accompanying them, and the blowing of the winds 
round in and upon the centre, they entirely resemble the West 
Indian hurricanes already described. The chief point of differ- 
ence is in the general direction of their route. The general 
course of the storms of Hindostan is from a point a little to the 
west of the Andaman Islands to N.N.W. or towards the mouth of 
the Ganges, after which they ascend the valley of the Ganges or 
that of Brahmaputra. The typhoons of the Chinese Sea have 
their origin in the ocean to the east of China, especially about 
Formosa, Luzon, and the islands immediately to the south. They 
thence proceed from E.N.E. to W.S.W. ; rarely from E.S.E. to 
W.N.W. ; and scarcely ever from N. to S. or from S. to N. Thus 
the course generally taken by these typhoons is along the Chinese 
coast ; so that the coast feels the northern side of the storm, while 
at a distance out at sea the southern side is experienced. They 
occur from May to October ; but it is during July, August, and 
September that they are most frequent. The season of the 
typhoons coincides, therefore, with the annual period of the sum- 
mer moonsoon. 

425. Storms of the Indian Ocean South op the Equator. 
— Through the activity and well-directed efforts of the Meteoro- 
logical Society of Mauritius, the storms of the Indian Ocean have 
been submitted to a fuller examination than those of any other 
ocean on the globe. Thom and others have also investigated 
these storms. They may be conveniently grouped into two 
classes — tropical and extratropical storms. The tropical storms 
occur only from November to May inclusive, or during the winter 
monsoon. They originate between the parallels of 6° and 14® 
lats., thence proceed in the direction of W.S.W., and afterwards, 
though not invariably, their course curves round and turns to- 
wards the S. or S.E. The winds blow round a central space, 



usually chamcterisecl b7 a calm, and are at the Bame time Arawa in 
OB all sides towarda the central calm in an in-moving spiral course. 
The direction in which the winds move round the centre is from 
left to right, or with the hands of a watch, being the direction of 
wjnda in the etorms of the southern hemisphere, as in fig. 46, 
taken from Thorn's ' East Indian Storms,' which represents the 
Sodriqua Hurricane, the isobars and winds being drawn in some 
degree hypothetical ly from the logs of sixteen ships which were 
involved in the hurricane. This is the only circumstaiice in. which 




Fig. 46 
the stomiB of the southern hemisphere essentially differ from those 
of the northern hemisphere. Both depend on the same cause 
—viz., the rotation of the earth on its axis in its effect on the 
winds as they pass from lower to higher latitudes, or vice vend. 
The diameter of the storm is generally from 1000 to IBOO miles ; 
and the progressive motion is at the rate of 1 to 20 miles an hoor 
—the general rate being from 4 to 7 miles an hour. It lasts from 
a few hours to ten days, and is accompanied with torrents of rain, 
and, in its northern half, often with lightning. 

42& These storms are invariably generated between the N.W. 
monsoon and the S.E. trade-wind, or they originate in the region 
of calms which Ilea between the two trade-winds prevaili:^ in the 
Indian Ocean from November to May. It is probable that the 
region of calms at this season does not lie parallel to the equatOT, 
but slants from Tamatave in Madagascar, to the west of Samara. 
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If the isobaric curves for January, Plate I., be examined, it wiU 
be seen that the N.W. monsoon, which prevails in the north- 
western part of the Indian Ocean, is fed by the region of extrar 
ordinarily high pressure which overspreads the Asiatic continent ; 
consequently this current is cold and dry. On the other hand, 
the S.E. trade arrives at the region of calms heavily charged with 
vapour, which is condensed into rain in the region of calms be- 
tween the two trades. As precipitation proceeds, the pressure is 
diminished, and the N.W. monsoon advs^ices sometimes along 
its whole front southwards to the tropic of Capricorn, or beyond 
it. Whei; the vapour has been deposited, the S.E. trade gradually 
returns, and the N.W. monsoon recedes before it till they regain 
their normal positions, which they retain till the vapour again 
accumulates, when a recurrence of the same phenomena takes 
place. The two winds thus oscillate backwards and forwards at 
this season ; and it is to be specially noted that it is when the 
monsoon is pressing southward on the S.E. trade that storms 
occur. 

427. The monsoon does not always advance equally along its 
whole front, but more frequently penetrates into the S E. trade, 
in which case only one storm is formed. When it penetrates 
into the trade at different points, two or three, or, on rare occa- 
sions, as many as five storms take place at different points, but 
they do not all last long. In the beginning and end of the season, 
those storms do not travel farther south than lat. 16° ; but during 
February and March, when they are of most frequent occurrence, 
they generally proceed as far south as^ lat. 26°, and sometimes to 
lat. 32°. Their tracks are usually curves, with the convexity to- 
wards the west, and the apices from lat. 14° to 24° according to 
the season. 

428. In applying the knowledge thus acquired regarding these 
storms to purposes of navigation, Mr Meldrum makes the following 
remarks : " As the trade- wind in front of a revolving storm often 
blows in strong gales with a falling barometer over many degrees 
in longitude, and the direction of the wind, especially at a dis- 
tance, is far from being at right angles to the bearing of the centre, 
severe losses have occurred in consequence of vessels, having the 
wind at S.E., running to the W. or N.W., with the view of cross- 
ing the storm's path, under the impression that the centre bore 
N.E. In place of bearing N.E., when the wind is from S.E., the 
centre may bear N. or N.N.W., and if the storm be travelling 
towards the S.W., as is often the case, a vessel steering to the W. 
or N.W. may be running to her destruction. During a hurricane 
in February 1860, for example, a number of vessels left the road- 



170 STORMS. 

steads of Reunion with the wind at S.E., and running to the N.W. 
got into the heart of the storm. Several of them were wrecked 
on the coast of Madagascar, others were never heard of, and of 
those that returned some had to be abandoned. The safest course 
seems to be to lie-to and uatch the barometer and mnd till the 
bearing of the centre be known with som£ certainty. But perhaps 
the greatest losses of life and property in the Indian Ocean south 
of the equator arise from homeward-bound vessels running into 
revolving storms to the southward of them, by taking supposed 
advantage of the N.E. winds of a storm, between the parallels of 
10° and 16° S., and steering to the S.W. till they get in front of 
the storuL This is the more to be regretted, inasmuch as all such 
losses may be easily avoided by lying-to till the barometer rise, 
and the weather improve, or by proceeding cautiously to the 
southward. Heavy losses occur annually from inattention to this 
simple precaution. In the hurricane season, in those latitudes, 
with the vnnd anywhere between north and south, ihnrough the 
west, the weather squally and threatening, and the barometer 
falling, a vessel should not press too much to the southward. By 
attention to this rule the storm wUl be avoided," 

429. Extratropical Storms occur at all seasons, but are most 
violent during the winter months, from May to August inclusive, 
in this respect resembling the extratropical storms of the northern 
hemisphere. They are generally characterised by the presence of 
two currents of air, the one from the southward and the other from 
the northward. Sometimes the two currents exist side by side, the 
one from the N.E., the other from the S. W., each occupying a belt 
of 5° to 30° in longitude, and stretching from 30° S. lat. as far south 
as the observations extend — ^viz., to lat. 45°. In the space between 
the two winds, light airs, calms, and a high cross sea, with heavy 
rain, thunder, and lightning, generally prevail, and there the 
barometer is lowest. The belt of southerly winds lies, as in the 
northern hemisphere, to the west of the northerly winds^ and the 
two travel laterally to the eastward, preserving their relative posi- 
tion often for several days. Instead of blowing in parallel belts, 
however, the winds are often inclined, and sometimes directly 
opposed, to each other. The barometer stands higher and the 
thermometer lower in the southern than in the northern gale, 
being in these respects quite analogous to European and other 
storms of the northern hemisphere. There cannot be a doubt that 
the form of by far the majority of these storms is that of elongated 
ellipses, or trough-like — their length being very much greater 
than their breadth. On this account the shifts of the wind are 
generally sudden, from N.E. to S.W., or from N.W. to S.W. The 
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veering is from N.E. to N., N.W., W., and ending at S.W. or S.E. 
They last from one to seven days, and travel at the rate of from 4 
to 20 miles an hour — their progressive motion being thus gene- 
rally slower than that of European storms. 

430. It occasionally happens from November to May, as the 
storm proceeds eastward over the southern portion of the Indian 
Ocean, that the drain, caused by the low pressure which accom- 
panies it, reduces the pressure over the region of the S.E. trades 
below that of the region of calms to the north of it ; in conse- 
quence of which the northerly monsoon appears to extend continu- 
ously from Central Asia, through the Indian Ocean as far south as 
the observations extend; and owing to the low pressure of the 
antarctic regions, it is probable that this northerly current some- 
times extends almost to the south pole. 

431. There is another class of gales which occur at Mauritius 
and adjoining regions, in the winter months of June, July, and 
August, or during those months when atmospheric pressure in 
Central Asia falls to the annual minimum, and that of the southern 
hemisphere rises to the annual maximum. During these gales the 
barometer rises in Mauritius to from 30.200 to 30.400 inches, or 
nearly an inch higher than the mean summer pressure of Central 
Asia. In consequence of this difference of pressure, a strong wind 
sets in from S. to S.S.K, which seldom veers more than a point or 
two. The barometer oscillates at times during the height of the 
gale, which is sometimes attended with passing showers, but never 
with heavy rain, thunder, or Hghtning. The gale generally com- 
mences about 30® S. lat, and advances towards the equator like an 
extensive wave or billow, the barometer rising at each locality 
some time before the wind acquires much force. It is preceded by 
a heavy sea, which occasionally proves dangerous near the equator. 
It lasts from one to ten days, and blows in fitful gusts usually of 
from 14 to 45 miles an hour ; occasionally, however, it rises to 
63 miles an hour — ^being nearly the velocity reached by one of the 
ordinary autumn storms experienced in Great Britain. 



General Bemarks. 

432. Since storms are formed of spirally jn-moving currents of 
air, it follows that the fall of the barometer at the centre is not the 
effect of centrifugal force. For if this was the cause of the low 
barometer, the wind would blow round the centre in circles, sub- 
ject only to a slight modification from the onward motion of the 
storm — ^a state of the winds which has not yet been shown to 
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occur even in those cases when the storm increases in area and 
the depression at its centre is deepening. Professor Loomis has 
shown that any observed velocity of the winds round the centre 
is altogether inadequate, on the principle of centrifugal force, to 
bring about the low pressure at the centre. Thus, if the wind 
blows round a circle 300 miles in diameter at the rate of 70 nules 
an hour, the centrifugal force would only depress the barometer 
at the centre a little more than 0.02 inch ; whereas in the Bahama 
hurricane the difference of the pressure at that distance from the 
centre was 2 inches, or 1000 times greater than that due to centri- 
fugal force, on the supposition that the mean velocity of revolu- 
tion of the storm, 300 miles in diameter, was 70 miles an hour. 

433. But the spiral rotation, instead of a purely circular ro- 
tation, of the vdnds in storms, changes completely the whole comr 
plexion of the questum of the theory of storms. For since it follows 
from it that enormous quantities of air are constantly being poured 
all around into the area of the storm, and since, notwithstanding 
these accessions tending to increase the pressure, observation shows 
that the pressure is not thereby increased, but on the contrary 
sometimes diminished, vfe are forced to the conclusion that from a 
large area within and about the centre of th^ storm a vast ascend- 
ing current must arise into the upper regions of the atmosphere; 
and arriving there must flow away over into neighbouring 
regions. The physical cause of the ascending currents is to be 
found in the moist and warm, and therefore light air, which all 
observation shows to prevail in the front and in the central part 
of storms. And since most of the rain which accompanies storms 
falls in those parts of the storm, the barometer will be still further 
reduced by the removal of the elastic aqueous vapour which is 
condensed into rain-drops, and by the latent heat set free in the 
condensation of the vapour. These considerations, taken in con- 
nection with what has been advanced in Chap. XI., with reference 
to the lower and upper currents of the atmosphere in their rela- 
tion to the lines of equal atmospheric pressure, suggest that the 
general motions of the atmosphere over the globe and in storms, 
are due to the same physical causes. 

434. An examination of weather-changes over large portions of 
the surface of the globe from day to day, leaves a deep and lasting 
conviction on the min^ of the essential unity of the earth's atmo- 
sphere, and, a fortiori., the oneness of comparatively so small a 
portion as that of Europe, in respect of the intimate relations of 
its different parts, and their absolute dependence on each other. 
Waves of temperature are sometimes propagated over that con- 
tinent, apparently so vast that only a mere fragment of one of 
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them can be exhibited by the whole coiitinent at one time ; and 
the same remark applies with equal force to the waves of baro- 
metric pressure which pass across it. But of the causes of these 
vast atmospheric changes we are very ignorant. A general pre- 
valence of currents, dry and cold on the one hand, and warm and 
moist on the other, may be explained ; but why on a particular 
day a cold current descends from the frozen regions, and spreads 
itseK over Europe, and why at another time an equatorial current 
flows wholly or partially over that continent, the area of obser- 
vation is too contracted to show. Meteorology is eminently the 
science of observation and averages ; and before those inquiries 
now raised regarding the general movements of the atmosphere 
can be satisfactorily and adequately discussed, it is indispensable 
that the field of observation be extended, so as to embrace nearly 
the whole of the northern hemisphere. 

436. The present state of our knowledge of the science may be 
thus put : Given in any locality an excess or diminution of atmo- 
spheric pressure ; an excess or diminution of atmospheric tempera- 
ture ; and an excess or diminution of atmospheric moisture, — ^we 
know the atmospheric motions and changes which will take place 
in restoring the equilibrium thus disturbed, and can to a consid- 
erable extent turn this knowledge to account in predicting the 
weather. But as regards the specific conditions out of which 
those great atmospheric disturbances take their origin, we know 
little or nothing ; and it ia for this all-important knowledge that 
the field of observation on sea as well as on land must be ex- 
tended, so that synchronous weather - charts of the northern 
hemisphere might be constructed, which would supply the in- 
formation desiderated — viz., trustworthy facts, in place of vague 
and unsatisfactory theorisings. « 
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Atmospheric Electricity. 

436. The identity of lightning and electricity was first sus- 
pected by Wall in 1708, but it was reserved to Franklin to prove 
it. In 1749, he suggested, as the mode of proof, the erection of 
pointed metallic conductors properly insulated. Acting on this 
suggestion, Dalibard erected near Paris a pointed iron rod, 40 feet 
in length, and insulated ; and on the 10th of May 1752 obtained 
electrical sparks from it. In June of the same year, Franklin, 
impatient at the delay in erecting the spire on which to place bis 
pointed conductor, conceived the happy idea of obtaining electri- 
city from the clouds by flying a kite. The kite was flown with a 
hempen string, to the lower end of which a key was attached ; 
and the whole was insulated by tying a silk ribbon to the key, 
the other end of the ribbon being attached to a post. On the 
approach of the thunder-cloud, he raised the kite, and soon 
the fibres of the hempen string began to erect themselves and 
repel each other ; and at last, when the rain had moistened the 
string, he had the intense satisfaction of drawing electrical sparks 
from the key. The experiment was repeated by Romas, during a 
thunderstorm in France, in June 175.3. Instead of a string, he 
used fine wire (550 feet long), and obtained flashes of electrical 
fire, 9 or 10 feet long, and an inch in thickness, which were 
accompanied with a loud report. Thirty of these were obtained 
in one hour. In August of the same year, Professor Eichmann of 
St Petersburg lost Ids life when engaged in similar experiments. 
In observing the electricity of clouds when the tension is great, a 
metallic ball must be placed near the bar, and be well connected 
with the ground ; and care must be taken to keep at a greater 
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distance from the bar than the ball, so that if a discharge should 
take place it will strike the ball and not the observer. 

437. Electrometers (Gr. electron, amber, and metron, a measure) 
are instruments used for indicating the electricity present in the 
atmosphere. A pole is erected in an open situ- 
ation on a rising ground, having an insulated 
pointed metallic wire on the top, to which an insu- 
lated wire is attached for conveying the electricity 
to the electrometer in the place of observation. 
Fig. 47 represents Bennet's gold-leaf electrometer, 
which consists of a glass jar with a metallic cap, in 
the centre of which a wooden wedge is inserted. 
On each side of it a thin strip of gold-leaf, two 
inches long, is attached, and opposite each, tinfoil 
is pasted within the jar, rising a little above the 
lower edge of the gold-leaf, and connected below 
with the brass stand of the instrument. A point- 
ed wire rests on the cap in connection with the 
gold-leaf. When this pointed wire receives elec- ^^^* ^7. 
tricity, the gold-leaves diverge, and by the degree of divergence, 
measured on a graduated arc, the intensity of the electricity is 
ascertained. A condenser is used when the elec- 
tric tension is too feeble to cause the gold-leaves 
to diverge. In Volta*s electrometer, two thin 
blades of straw are used instead of the gold-leaf; 
and in Cavallo's, two pith-balls. In Henley's 
quadrant electrometer, ^g, 48, a semicircle of 
ivory is fixed upon a rod rising from a stand, 
from the centre of which a pith-ball is hung by 
a piece of slender cane ; and the degree of eleva- 
tion of this ball indicates the quantity of the 
electricity. 

438. Electroscopes (Gr. electron, amber, and 
scopeo, 1 look at) show whether the electricity is 
positive or negative. In Bohnenberger's elec- 
troscope, a gold-leaf is suspended between the poles of two "dry 
piles," charged with the opposite electricities ; when, therefore, 
an electric body is brought into contact with the knob, the kind 
of electricity is known by the gold-leaf being attached to the 
opposite electricity. 

439. It has been found that the atmosphere always contains free 
electricity, which is almost invariably positive. At Kew Observa- 
tory, during the years 1845-6-7, of the 10,500 observations, 10,176 
were positive, and only 364 negative. When the sky is doudless. 




Fig. 48. 
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the electricity is always positive; but the intensity varies with 
the height, being greatest in the highest and most isolated situa- 
tions. Positive electricity is only found at a certain height above 
the ground. On flat ground it becomes manifest at a height of 
5 feet. It is not found in houses, in streets, or under trees. 
The negative observations almost all occur during heavy rain. 
When the sky is clouded, the electricity is sometimes positive and 
sometimes negative, according to the electrified condition of the 
clouds. In relation to the air the earth's surface is always nega- 
tive. The electricity of the air increases in intensity with the 
height. This was shown by an ingenious experiment made at the 
Great St Bernard, by Becquerel and Breschet. A silk cord, with 
a fine wire twisted into it, was attached to an electrometer at one 
end, and an iron arrow tied to the other, and shot from a bow 
to the height of 250 feet. As the arrow ascended, the thin straws 
of the electrometer separated more and more, and at last struck 
against the sides of the jar. The arrow was then shot horizon- 
tally, but no increase of the electric tension was observed. This 
conclusion has been confirmed by flying paper kites, and sending 
up captive balloons into the air. The electricity of the atmo- 
sphere is stronger in winter than in summer, increasing from 
June to January, and decreasing from January to June. It is 
subject to a double maximum and minimum each day. Saussure 
and Schiibler have shown that the first maximum occurs from 7 
to 8 A.M. in summer, and from 10 am, to noon in winter ; it then 
falls slightly to the first minimum between 5 and 6 p-m. in sum- 
mer, and between 2 and 3 p.m. in winter, or shortly after the 
period of the maximum temperature ; it rises to a second maxi- 
mum a little after sunset, and then decreases to a second minimum, 
which occurs about daybreak. The daily march of the electric 
tension is best marked in clear settled weather. 

440. Sources of Atmospheric Electricity, — 1. Evaporation, — 
Electricity is produced when impure water is evaporating, or 
water in which some degree of chemical decomposition takes 
place, none whatever being produced by the evaporation of pure 
water. Vapour rising from water containing a salt or an alkali 
is charged with positive electricity, while the water retains nega- 
tive electricity ; but when the water contains acid, negative elec- 
tricity is given ofi', and positive is left behind. Hence it is supposed 
that seas, lakes, and rivers are abundant sources of atmospheric 
electricity, particularly of the positive sort. 2. Vegetation, — The 
vegetable kingdom is also a source of electricity, (1) from 
the evaporation going on by which water is separated from 
the sap of the plants, and (2) from the giving off of oxygen 



MISOELLANEOUS. 177 

and carbonic acid gas during the night, which is charged with posi- 
tive electricity. 3. Ccrnifmdum. — ^During the process of burning, 
bodies give off positive electricity, and become themselves nega- 
tively electrified. This is frequently seen on a grand scale dur- 
ing volcanic eruptions. 4. Friction. — ^Wind, by the friction it 
produces upon terrestrial objects, the particles of dust, and the 
watery particles in the vesicular state which it carries with it, 
contributes to the electricity of the air. Electricity is not gen- 
erated, if the moisture be in the form of pure vapour. 

441. Sir John Herschel has expressed an opinion that, when a 
great multitude of the ultimate molecules of vapour are condensed 
by cold into a drop or snow-spangle, however minute, that drop 
collects and retains on its su^ace the whole electricity of the 
molecules from which it is formed. Suppose a number, say 1000, 
of such globules to coalesce into one, the electric contents, being 
the sum of those of the elementary globules, will be increased one 
thousandfold, and, being spread entirely over the surface, will 
have a tenfold density or tension. This view appears to explain 
the amount of electricity observed in the lower stratum of air when 
dew is being deposited, and the highly electrical state of fogs and 
clouds. It also explahis to some extent the annual variation ; for 
since in winter the condensation of vapour is greater and occurs 
with greater frequency than in summer, the average quantity of 
electricity, as observed, will be greater in winter than in summer. 
At this season, also, the south-west winds acquire their greatest 
frequency. The daily variation is similarly explained. When the 
Sim has risen, and &om the increasing temperature evaporation 
is most active, the first maximum period of electricity occurs ; 
but when the air becoming still warmer is able to hold its vapour 
in solution, and evaporation has become feebler, the intensity 
decreases. Again, after sunset, when dew is most copiously de- 
posited, the second maximum period is attained ; and lastly, 
towards sunrise, when little dew is deposited, and evaporation is 
also small, the second and chief minimum period occurs. The an- 
nual and daily variation is further explained by the readier trans- 
mission of the electricity of the upper regions of the atmosphere 
to the earth through strata of moist air than through dry air. 



Thunderstorms. 

442. Thunderstorms occur most frequently within the tropics, 
and diminish in frequency towards the poles. They are also more 
frequent in summer than in winter, though in certain parts of the 

H 
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globe this is reversed ; during day than during night ; after mid- 
day than before it ; and in mountainous countries than in plains. 
Within the tropics they prevail most in the i-egion of calms and 
during the rainy season ; and least in the trades, in arid deserts, and 
during the dry season. Before the storm bursts, the air is warm 
and stifling, and peculiarly so when the storm occurs in winter or 
during night ; and after it has passed, the temperature falls gene- 
rally to a very marked extent Thunder and lightning often 
accompany wMrlwinds. During thunderstorms sudden changes 
from positive to negative electricity, and vice versd, take place. 

443. Lightning, — ^Arago has divided lightning into three kinds 
— viz., zigzag lightning, sheet - lightning, and baU- lightning. 
When the electric flash darts through the air, it takes the path of 
least resistance ; and since the conducting power of different por- 
tions of the atmosphere is unequal, the lightning frequently 
appears zigzag. When branches are given off at different points 
of its course, the lightning is said to be forked. According to 
Professor Balfour Stewart, the flash of lightning consists of the 
various constituents of the air heated up to incandescence ; and 
were the flash analysed by means of the spectroscope, it would, 
no doubt, reveal the chemical nature of the substances through 
which the discharge had passed. Sheet-lightning is the most 
common, appearing as a glow of light iUuminating the sky. The 
flashes often follow each other in quick succession, and the thun- 
der which accompanies them is low and at a considerable dis- 
tance. Analogous to. this is silent lightning y frequently termed 
heat-lightning, which generally occurs during serene summer 
evenings, lighting up the sky fitfully for hours, with repeated 
faint flashes ; it is not attended with thunder. It is probable that 
this kind of lightning is frequently the reflection of the lightning 
of distant storms from the vapour of the upper regions of the 
atmosphere, the storms being too far off for the thunder to be 
heard; but at times it may, according to Professor Loomis, be 
due to the escape of the electricity of the clouds, in flashes so feeble 
as to produce no audible sound — such cases occurring in very moist 
air, which is a tolerable conductor, and offers just sufficient resist- 
ance to the passage of the electricity to develop a feeble light. 
Ball-lightning is the least common. It appears as a globular 
mass, moving slowly or sometimes remaining stationary, and in 
a short time explodes with violence. It has not yet been satis- 
factorily explained. Professor Wheatstone has -found in one ex- 
periment that the duration of the electric spark lasted mloo of a 
second. 

444. Thunder is probably due to the instantaneous expansion 
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of the air by the heat produced by the lightning along the path 
of the discharge. The sound emitted by flames is a familiar 
illustration of a similar phenomenon. Flashes of lightning 
frequently extend two or three miles in length ; and since the 
thunder is produced at every point along its course nearly at 
the same instant, the prolonged rolling noise of thunder arises 
from the different intervals of time it takes the sound to reach 
the ear. For since sound travels at the rate of 1116 feet per 
second, it is first heard from the nearest point of the flash, later 
and later from points more distant, so that the combined effect is 
a continued pejd of thunder. The direction and character of the 
peal wiU depend on the length of the flash, and the greater or less 
obliquity of its course in relation to the observer. Reverberations 
from clouds and from mountains frequently heighten the effect 
and prolong the peal. From the rate at which sound travels, if 
the thunder be not heard till five seconds after the flash, the dis- 
tance is about a mile. Thunder has not been heard at a greater 
distance than 14 miles from the flash. 

445. Thunderstorms are generally very local. Sometimes, 
however, they extend over a wide district. On the 11th January 
1815, a thunderstorm stretched from Antwerp to Minden, or about 
200 miles, and from Bonn to Nimeguen, or nearly 75 miles. 
When the May monsoon of 1848 burst upon India, it was accom- 
panied with a thunderstorm which covered a district 600 miles 
from north to south, and 50 miles in breadth. The great propor- 
tion of electrical discharges pass into the air, or into other clouds 
less highly electrified ; a very few only take place between the 
cloud and the earth. The destructive effects of this latter class 
are well known. By the electric discharge innumerable lives 
have been destroyed, the strongest trees rent to pieces, heavy 
bodies displaced, iron and steel magnetised, metsds and rocks 
softened and fused, and combustible substances set on fire. Sir 
John Herschel mentions a remarkable instance of *' a large oak- 
tree near Alton, Hants, which was rent into ribbons, and every 
limb of which had been struck off as if by an axe, and had fallen 
around the tree as by mere privation of support, without lateral 
projection." . He adds ; " In producing these effects, the electri- 
city would seem to act immediately by the expansion of vapour 
generated by its violent heat." When the thimderbolt falls upon 
sand it occasionally -j^Todnces fulgurites ot fulminarj/ tithes, which 
are silicious tubes of various sizes vitrified internally. 

446. Retum-JShockl — This shock sometimes proves fatal to liv- 
ing beings, even at great distances from the place where the electric 
discharge takes place. It is caused by the inductive action of the 
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electriiied cloud on bodies witMn the sphere of its influence, by 
which they become charged with the electricity opposite to that 
of the cloud. Hence, when the cloud has discharge its electricity 
into the ground, the induction ceases and a rapid change takes 
place in bodies from the electrified to the neutral state, thus caus- 
ing the concussion of the return-shock. 

447. LigJUning-Bods.—The lightning-rod was introduced by 
Franklin in 1755 as a means of protecting buildings from the de- 
structive effects of electricity. The advantage gained by it consists, 
not in protecting the building in case of a discharge by allowing 
a free passage for the electric fluid to escape to the earth, for it is 
but a poor protection in such a case ; but in quietly and gradually 
keeping up the communication, it tends to maintain the electric 
equilibrium, and thus prevent the occurrence of a discharge. The 
best are made of copper not less than three-quarters of an inch 
thick, and pointed at the upper extremity. They should be of 
one piece throughout, fastened vertically to the roof of the build- 
ing, and thence carried down into the ground. The lower extre- 
mity should part into two or three branches bent away from the 
house, and carried sufficiently far into the soil to meet water or 
permanently moist earth. The conductor should be connected 
with all metallic surfaces on the roof or other parts of the build- 
ing, in order to prevent the occurrence of lateral discharges, or 
discharges from the conductor to these surfaces, which are often 
destructive. 

448. St Elmo^s Fire. — This meteor is the Castor and PoUux 
of the ancients, and is frequently mentioned in classic writings 
from the Argonautic expedition downwards. Csesar notices its 
appearance after a storm of hail in these words ; " EMem nocte 
legionis quint» cacumina su& sponte arserunt." The finest and 
most beautiful displays of this most striking phenomenon occur at 
sea during storms, when it appears as a light resting on the masts. 
Mr W. Trail of Orkney gives a particular description of it as seen 
by him there during a storm in 1837. The mast was illuminated, 
and from the iron spike at the top a flame a foot in length pointed 
to a dense cloud rapidly advancing from N.N.W. As the cloud, 
accompanied with thunder and hail, approached, the flame in- 
creased, following the course of the cloud, till it reached 3 feet in 
length, when the cloud was passing overhead; after which it 
quickly diminished, but continued to point to the cloud as it was 
borne to the S.S.E. It lasted about four minutes. If in a dark 
room we bring a needle close to the conductor of an electric 
machine when charged, a light will be seen to play on the point 
of the needle caused by the combination of the electricity of the 



MISOELLAXEOUS. 181 

conductor and that of the needle which is charged by induction 
with the opposite electricity to that of the conductor. This simple 
experiment explains St Elmo's fire, which takes place when an 
electrified doud approaches near the earth, so that the electricity 
of the cloud and that of the earth combine, not in flashes of light- 
ning, but more slowly and continuously from different points, 
which therefore appear to glow with a bright flame. 

449. Hailstorms. — Hailstorms are modifications of the thunder- 
storm. Since they occur where the force of thunderstorms is most 
concentrated, they are of a more local character, and their occur- 
rence and destructiveness would appear to be to a large extent 
determined by the configuration and vegetable covering of the 
earth's surface. They seldom occur during the night or during 
winter ; but most frequently in summer, and during the hottest 
part of the day. They are more common in the neighbourhood of 
mountains than in plains. Thus the south of France, lying be- 
tween the Alps and the Pyrenees, suffers much from hailstorms, 
the vines being often broken and destroyed by their violence. 
The annual loss from this cause has been estimated at above two 
millions sterling. So important is a proper knowledge of these 
and similar storms considered in France, that the services of up- 
wards of 1200 observers have been secured in that country to note 
the chief features of storms (orages), 

450. This class of storms are found in France to be invariably 
bound up, or associated, with barometric depressions, and their 
general direction is influenced as is that of the wind in the same 
circumstances. The general direction in which they advanced in 
1865 was from S.W. to N.E. ; and otherwise on this point they 
resembled the storms of Europe already described. But when 
they were confined to the lower parts of the atmosphere they 
were diverted from their course on coming up against high table- 
lands and mountain-ranges much in the same way apparently as 
rivers are when high banks oppose their course, in this respect 
also resembling the course of the wind. The rate of their pro- 
gressive motion varied from 12 to 45 miles an hour, thus showing 
in this respect also a close correspondence with the larger storms 
of Europe. 

451. On the 28th July 1818, a hailstorm of unusual violence 
passed over Orkney, its course being marked over a district twenty 
miles in length by one and a half in breadth. It did not last 
longer at any place than nine minutes, during which 9 inches of 
ice felL On the 13th July 1788, a hailstorm passed directly from 
the south-west of France to Utrecht. It moved in two parallel 
columns with very great rapidity, traversing the distance in less 
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than nine hours. The length of the one colxunn was 435 miles, 
and of the other 497 milea, and the breadth respectiTely 6 and 10 
miles. Between the two tracts there was a space of twelve miles, 
where no haU, bat heavy rain, felL At each place the storm 
lasted only a few minutes ; and along its course property valued 
at above a million sterling was deetroy ed. 



Whirlwind^ and Wateispoats oi Tramb«9. 

452. Whirlwinds are in several respects very different bom the 
storms already described. Tbey seldom last longer than a minnte, 
sometimes only a few seconda ; their breadth varies from 20 to a 
few hundred yards ; their course seldom exceeds 25 miles in 
length ; and while they last the changes of the wind are sudden 




Fig. 49. 
and violent. The direction of the eddy of the whirlwind, espe- 
cially when of small diameter, differs from the rotation of the 
winds in a storm, in that it may take place either way according 
to the direction of the stronger of the two winds which give rise 
to Jt Thns, snppose a whirlwind produced by the bmshing of a 
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north against a south wind, then if the north wind be the stronger, 
and on the west, the whirl will be in the direction of the hands 
of a watch, but if the south wind be the stronger the eddf will 
tnm it the opposite direction. Whiilwinda are often originated 
is the tropics during the hot season ; especially in flat sandy 
deserta, which, becoming unequal] y heated by the sun, give rise 
to nmneroua ascending colunms of aii. In their contact with 
each other, these ascending currents give rise to eddies, thus pro- 
ducing whirlwinds which carry up with them clouds of dust. Of 
this description are the dvtt-wkirlwindx of India, which have 
been described and profusely illustrated by P. F. B. Boddeley. 
Figs. 49 and 50 represent two of these remarkable phenomena. 
The large arrows in fig. 49 show the rotation of the whole whirl- 
wind round its axis, while the small arrows show the rotation of 
each column roimd its own axis. Fig. 60 shows the general ap- 
pearance of these dust-whirlwinds viewed at a distance. A dust- 




storm IS occasioned by a nnmher of whulwind columns moving 
together over the earth's surface. The storm generally comes on 
without warning from any direction, and the barometer is said 
not to be perceptibly affected by it A low bank of dark cloud 
18 Been m the horizon, which rapidly increases, and before the 
spectator is aware the storm bursts upon him, wrapping every- 
thii^ m midnight darkness. An enormous qnantil^ of dust is 
whirled aloft, which u sometimes broken into distmct columns, 
each whirlmg on its axis. Violent gusta or squalls succeed each 
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other at intervala, wltich gradually become weaker, and at the 
dose of the Bt«im a fall of rein gcBerally tokea place. The aii is 
often h^hly electrical, arising probablj from the friction of the 
dust^loaded cturents t^ainst each other. The Siniootn may be 
r^ai^ed as in part a whirlwind oi a succession of whirlwiuda of 
thjB desctiption. Sii S. W. Baker thus graphieally describes the 
behaviour of the dust-whirlwinds which occur in Nubia in April, 
Maj, and June : " I have frequently seen many such columns at 
the same time in the boundless deeert, all travelling oi waltzing 
in Tarious directions, at the fitful choice of each whirlwind ; thia 
Tagiancy of character is an undoubted proof to the Arab mind of 
their independent and diabolical character." 

453. Walerepouts. — A waterspout (fig. bl) is a whirlwind occur- 
ring over the sea oi over sheets of fre^ water. When fully formed 
they appear as tall pillars stretching fiom the sea upward to the 
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clouds, and exhibit the same whirling motion round their axes, 
and the same pw^essive movement of the masa, as dust-whirl- 
winds. Ah they consist of vortices of wind in rapid motion, the 
sea is tossed into violent agitation round their bases aa they career 
onwards, the waves being broken up so as to resemble the surface 
of a glacier, or of water in rapid ebullitiou. The danger arising 
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from them consists in the enormous velocity of the wind, and 
the sudden changes in its direction experienced by ships which 
encounter them. It is a popular fallacy that the water of the sea 
is sucked up by them, it being only the spray from the broken 
waves that is carried up the whirling vortex ; this is conclusively 
proved by the fact that the water poured down on the decks of 
vessels from waterspouts is either wholly fresh or only slightly 
brackish. 

Anrora Borealis and Terrestrial Magnetism. 

454. The aurora horecUis (Lat. aurora, dawn, and horedlis, 
northern) is the luminous appearance in the northern sky, which 
forms, in most vivid displays, spectacles of great beauty. The 
aurora is observed also in the neighbourhood of the south pole, 
and is there called aurora australis (Lat. australisy southern). 
From their lively tremulous motions they have been called " the 
merry dancers." When fully developed, the aurora consists of a 
dark segment of a hazy or slaty appearance surmounted by an 
arch of light, at right angles to the magnetic meridian, from which 
luminous streamers quiver and dart towards the magnetic zenith. 
Careful measurements of several arches show that, except near 
the horizon, they may be regarded as portions of smaU circles 
parallel to the esith's surface. Near the horizon the extremities 
of the arches sometimes appear to be bent inwards ; and Hansteen 
mentions having twice seen at Christiania the arch in the form of 
an ellipse almost entire. Several auroral arches are sometimes 
seen at once. Thus, on one occasion at Bossekop, in Finland, 
nine arches were visible, separated by dark intervals, and resem- 
bling in their arrangement magnificent curtains of light hung 
behind and below each other, their brilliant folds stretching com- 
pletely across the sky. Sometimes the streamers appear to imite 
near tiiie zenith, forming what is called the corona of the aurora, 
towards which the dipping-needle at the time points. The con- 
vergence of the rays in this case is only apparent, being merely 
the effect of perspective. 

455. Auroras are very unequally distributed over the earth's 
surface. Professor Loomis gives the results of a comprehensive 
examination of auroral observations, and in reference to the 
geographical distribution remarks that "at Havanna but six 
have been recorded within a hundred years. As we travel north- 
wards from Cuba, auroras increase in frequency and brilliancy ; 
they rise higher in the heavens, and oftener attain the zenith. If 
we travel northwards along the meridian of Washington (U.S.), we 
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find on an average near the parallel of 4ff only ten auroras annu< 
ally. Near the parallel of 42°, the average number is twenty 
annually ; near 45°, it is forty ; and near 50°, it is eighty. Be- 
tween this point and the parallel of 62°, auroras are seen almost 
in every night, high in the heavens, and as often to the south as 
to the north. Farther north they are seldom seen except in the 
south, and from this point they diminish in frequency and bril- 
liancy as we advance towards the pole. Beyond lat. 62°, the 
number of auroras is reduced to forty annually ; beyond lat. 67°, 
it is reduced to twenty; and near lat. 78°, to ten annually. K 
we make a like comparison for the meridian of St Petersburg, we 
shall find a similar result, except that the auroral region is situ- 
ated farther northward than it is in America— the region of eighty 
auroras cuinually being found between the parallels of 66° and 
75°. The region of greatest auroral action, averaging at least 
eighty annually, is a zone of an oval form surrounding the north 
pole, and whose central line crosses the meridian of Washington 
in lat. 66°, and that of St Petersburg in lat 71°. Accordingly, 
auroras are more frequent in the United States than they are in 
the same latitudes of Europe. On the parallel of 45° we find in 
North America an average of forty auroras annually, but in 
Europe less than ten. The form of this auroral zone does not 
bear any resemblance to the lines of equal magnetic intensity, but 
it bears some resemblance to the line of equal magnetic dip. It 
bears also considerable resemblance to a magnetic parallel, or line 
everywhere perpendicular to a magnetic meridian ; and the coin- 
cidence of tlus result with the uniform position of auroral arches, 
naturally suggests the idea of a real connection between the two 
phenomena." 

456. The aurora is of great extent, having been sometimes ob- 
served simultaneously in Europe and America. From observations 
made at Hobart Town, and in the United States of America, 
Professor Loomis thinks it probable that an exhibition of auroral 
light about one magnetic pole of the earth is amiformly attended 
by a simultaneous exhibition of auroral light about the opposite 
magnetic pole. The height varies from about 45 to 500 miles 
above the earth. From observations made on one which appeared 
in England during March 1826, Dalton calculated its height at 
100 miles. Sir John Herschel determined the height of one 
which was seen on the 9th March 1861 by himself in Kent, and 
at the same time by Mr Lowe at Nottingham, to be 83 miles. Of 
auroras which have been seen near the earth, the one thus de- 
scribed by Captain Parry is the most remarkable: "While Lieu- 
tenants Sherer, Boss, and myself were admiring the extreme 
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beauty of the northern lights, we all edmultaneously uttered an 
exclamation of surprise at seeing a bright ray of aurora shoot 
suddenly downward from the general mass of light, and between 
us and the land, which was there distant only 3000 yards. I have 
no doubt that the ray of light actually passed within that distance 
of us." 

457. As regards frequency, auroras have a daily period which 
reaches the maximum about midnight. The aurora is not often 
seen in summer, partly, no doubt, on account of the short nights 
and the clear skies. There is, however, a double maximum and 
minimum occurrence in the year, which the following table from 
Kaemtz and Loomis, giving the number of auroras seen in each 
month in Europe and America respectively during many years, 
clearly establishes : — 





Eaemtx. 


Loomis. 




Kaemtz. 


Loomis. 




Kaemtz. 


Loomis. 


Jan., 


229 


173 


May, 


184 


191 


Sept., 


405 


293 


Feb., 


807 


210 


June, 


65 


179 


Oct., 


497 


236 


Mar., 


440 


240 


July, 


87 


244 


Nov., 


285 


215 


April, 


312 


267 


Aug., 


217 


238 


Dec, 


225 


159 



In addition to this annual period, there would appear to be a 
secular period comprising a number of years. Observations 
appear to indicate a maximum every ten years, and a still larger 
maximum period recurring every sixty years. 

458. The culminating point of the auroral arch being at or near 
the magneidc meridian, and the centre of the corona in the line of 
the dipping-needle produced, point out an evident connection be- 
tween the aurora and terrestrial magnetism. The magnetic needle 
is also much agitated when the aurora is visible. When the arch 
is motionless, so is the needle ; but as sodh as streamers are shot 
out, its declination changes every moment, and this happens 
though the aurora does not appear at the place of observation, 
but is seen near the pole. According to Hausteen, the intensity 
increases greatly a short time before the appearance of the aurora ; 
but as soon as the aurora begins to be seen, it diminishes in pro- 
portion to the brilliancy of the display ; and it then returns slowly, 
generally in twenty-four hours, to its original value. During 1857 
and 1858, Captain M'Clintock, when in the arctic regions, observed 
that the aurora in all cases appeared to come firom the surface of 
open water, and not in any case from the fields of ice, — an observa- 
tion favouring the idea that it is caused by electrical discharges 
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between the earth and the air, and that these are interrupted by 
the fields of non-conducting ice. 

459. General Sabine has discovered that magnetic disturbances 
of the earth are due to the sun^ but not to his heat and light ; 
and are invariably accompanied by the aurora and by electric 
currents in the surface of the earth. Dr Balfour Stewart considers 
that auroras and earth-currents are to be regarded as secondary 
currents due to small but rapid changes in the earth's magnetism; 
and that the body of the earth may be likened to the magnetic 
core of a Ruhmkorff 's machine, the lower strata of the air forming 
an insulator, while the upper and rarer, and therefore electrically- 
conducting strata, may be likened to the secondary coil ; and the 
sun perhaps likened to the primary current which produces 
changes in the magnetic state of the core. If this be so, he adds 
that the energy of the aurora may come from the sun ; but this 
may be considered doubtful, from our ignorance of the way in 
which the sun affects terrestrial magnetism. The secular periods 
of the sun's spots, of the variation of the magnetic needle, and of 
the frequency of auroras, seem to indicate that these phenomena 
are regulated not by terrestrial but by astronomical causes. 

460. P. Secchi, Director of the observatory of the College, 
Rome, and M. Mari^ Davy, Chief of the Meteorological Division 
in the Imperial Observatory, Paris, have for some time given 
particular attention to magnetic storms, electric disturbances, 
and auroras in their relations to weather and the prediction of 
storms. Mari^ Davy states that the perturbations of the mag- 
netic needle are joined inseparably with one or more of the three 
following phenomena: 1. General disturbances of the telegraphic 
lines due to widespread auroras, which indicate general move- 
ments of the atmosphere in high latitudes and over the Atlantic. 
2. Disturbing currents of a more local character occurring over 
the telegraphic lines some time before the storm appears to which 
they owe their origin, thus lengthening the distance and time at 
which the approach of the storm may be perceived. 3. Disturb- 
ing currents still more restricted accompanying the electric changes 
which occur when the storm itself is passing. 



Ozone. 

461. In the year 1848 Schonbein discovered a new chemical 
principle, to which he gave the name of ozone (Gr. ozo, I smell), 
on account of its peculiar smell. Ozone is generally supposed to 
be oxygen in an allotropic state ; that is to say, it is the same 
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substance as oxygen, but in a different form, and endowed with 
diflferent properties. The properties by which ozone is distinguish- 
ed from oxygen are the following : It smells strongly and has the 
flavour of lobsters ; readily discharges the colour from litmus 
paper, oxidises silver, bums ammonia spontaneously, and converts 
it into nitric acid; bums phosphoretted hydrogen immediately 
with emission of light ; decomposes iodide of potassium, setting 
iodine free, and hydrochloric acid, setting chlorine free ; and is a 
powerful oxidising and chlorodising agent. Oxygen may be trans- 
formed into ozone by the electric machine ; and there can be no 
doubt that it is constantly being produced by the electricity which 
is ever present in the atmosphere, and most copiously by lightning 
during thunderstorms. As the most powerful known disinfectant, 
it most readily imites with the gases which anse from decaying 
vegetable and animal matter, and, by depriving them of their 
noxious qualities, is a great purifier of the air. It is this property 
which brings it withhi the province of the meteorologist, and 
accordingly it has been extensively observed of late years in Great 
Britain and on the Continent. 

462. Ozonometer (Qr. azo^ I smell, and metron, a measure). — The 
foUowing is the mode of preparing Schonbein's ozone test-papers. 
Take 200 parts of water, 10 of starch, and 1 of iodide of potassium, 
and boil together for a few seconds ; dip bibulous paper into the 
solution, and after it is dried, cut it into strips. In observing with 
it, it is only necessary that a strip be placed in an airy situation, 
free from wet and the sun's rays. A good position is to attach 
it to a hook on the inside of the roof of the box for thermometers. 
After being exposed for twelve hours it is taken off, and dipped 
in water. The depth of the tint of the paper determines the 
amount of the ozone, and it is compared with a scale showing the 
different tints marked according to depth from to 10. The tests 
generally used are Schonbein's and Moffat's. It is necessary 
to estimate the force of the wind during the time, since, in a 
windy day, more ozone is collected, not because there is more in 
the atmosphere at the time, but because more air has passed over 
the tests, thus deepening the tint of the paper. Ozone is more 
abundant on the sea-coast than inland ; in the west than in the 
east of Great Britain ; in elevated than in low situations ,* with 
south-west than with north-east winds ; in the country than in 
towns ; and on the windward than on the leeward side of towns. 
From the observations made by the observers of the Scottish 
Meteorological Society, ozone is most abundant from Febniary to 
June, when the average amount is 6.0, and least from July to 
January, when the average is 6.7. The maximum, 6.2, is reached 
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in May, and the mim'Tniini, 5.3, in November. Thus the maxi- 
mum period occurs when evaporation is greatest, and the mini- 
mum when the condensation of aqueous vapour is greatest — a re- 
sult in accordance with the conclusions arrived at by Dr Berigny 
and M. Houzeau. It thus appears that it is most abundant where 
electricity is produced ; and least so, or entirely wanting, where 
electricity is in least quantity, and where there is much decaying 
vegetable and animal matter. But there are great, if not insuper- 
able, difficulties in the way of accurately observing the ozone of 
the atmosphere ; for no simple means have yet been devised of 
drawing over the test-papers an ascertained quantity of air, the 
same at all places and times ; and of determining whether the 
colouring of the paper be due to ozone, to nitric or other acid 
present in the atmosphere. 

Optical Phenomena. 

463. Though rainbows, halos, and other optical phenomena 
furnish many most beautiful and surprising spectacles, yet from 
the very subordinate position they hold among meteorological 
objects, any description given here will be brief and of a popular 
character. For a full account of them we must refer to the com- 
mon treatises on Optic8,to which department of Natural Philosophy 
they more immediately belong. The Rainbow, — The rainbow 
generally consists of two arches, the inner or primary bow, and 
the outer or secondary bow, each composed of the seven prismatic 
colours, violet, indigo, blue, green, yellow, orange, and red ; or 
rather of the three primary colours, blue, yellow, and red, blended 
together. In the primary bow the violet colour is on the inner 
side of the bow, and the red on the outer ; but in the secondary 
bow this arrangement of the colours is reversed. Coloured bows 
are also sometimes seen in the interior of the primary bow, and 
more rarely at the exterior of the secondary bow; these are 
called supernumerary hows, 

464. As the centre of the circle of which the rainbow is a part 
is in the continuation of a line drawn from the sun through the 
eye of the spectator, its position varies with that of the spectator, 
and its size with the degree of proximity of the sun to the horizon. 
Thus, if the sun be in the horizon the rainbow will be a semicircle ; 
if higher, less than a semicircle ; if about 42° high, the top of the 
primary bow will be just visible in the horizon ; and if at greater 
heights, no rainbow will be formed on the sky. Kainbows have 
been sometimes seen from the tops of mountains forming complete 
circles, when the sun was high and a shower of rain was falling in 
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the plain below. When the sun is reflected from the surface of 
still water, extraordinary hows are sometimes formed. From the 
reflected image of the sun being in effect beneath the horizon, 
such bows are larger than a semicircle. The arrangement of the 
colours is the same as the primary bow ; and when their summit 
happens to coincide with that of the secondary bow, a band of white 
light is formed at the place of union where they blend together. 

465. Lunar Bainbows. — ^Rainbows are also produced by the 
light of the moon falling on rain-drops, exactly in the same way 
as solar rainbows. They are by no means of rare occurrence. 
Owing to the feeble l^ht of the moon the bow is generally 
without colours ; but when the sky is very clear and the moon at 
the full, the prismatic colours appear, but in subdued splendour. 

466. Since rainbows in the morning are always seen in the west, 
they indicate the advance of the rain-cloud from the west at the 
time that it is clear and bright in the east ; and since the fall of 
rain at this time of the day when the temperature should be rising 
is an additional evidence of increasing moisture, a morning rain- 
bow is regarded as a prognostic of a change to wet stormy weather. 
On the contrary, the conditions under which a rainbow can appear 
in the evening are, the passing of the rain-cloud to the east, and 
a clearing-up in the west at the time of day when the temperature 
has begun to fall, thus further indicating a change from wet to 
dry weather. Hence the popular prognostic, — 

" A rainbow in the morning — 
Sailors, take warning ; 
A rainbow at night 
Is the sailor's delight." 

467. Coronas. — ^The corona (Gr. korone, a crown) is an appear- 
ance of faintly-coloured rings encircling the moon when seen 
behind the light fleecy cloud of the cirro-cumulus. When the 
corona is perfect, the rings form several concentric circles, the 
blue prismatic colour being nearer the centre than the red. When 
of large dimensions it is called a trough in Scotland, and the ring 
has then generally a whitish nebulous appearance. The peculiar 
rings of the corona may be seen by looking at a light through a 
piece of glass upon which club-moss seed, which is very small, 
has been dusted ; and the same appearance may be observed by 
looking at the gas-lamps of the streets through the window of a 
carriage on which moisture has been condensed. Similar ap- 
pearances are seen in certain diseases of the eye, when the cornea 
becomes coated with minute particles of foreign matter. Coronas 
are only seen when the globules composing the cloud are all or 
nearly all of equal size ; and the smsdler the size of the globules 



the greater is tbe diameter of the corona. Hence the corona is a 
valuable prognostic ; for when it« diameter contracts lonnd the 
moon, we know that the watery particleB composing it are uniting 
into larger ones, which by -and-by wiU fall in rain ; whereas if the 
corona be extending, the particles are growing less, thus indicating 
increasing dryness, and consequently fair weather. Coronas are 
also veiy frequently formed round the sun ; but to see them it is 
necessary to dim his stronger light, by lookii^ throi^ smoked 
glass, or at his image reflected &om still water. 

468. Gloriei of lighi, sometimes called a/Uhelia (Qr. anti, oppo 
site, and helios, the sun), because formed opposite the sun, are 
sometimes seen when the shadow of an observer is cast on fog i 
and the shadow of his head is surrounded witli the prismatic 
circles. On one occasion Scoresby saw four coloured concentric 
circles around his shadow, and he observed that the phenomenon 
was always seen in the polar regions whenever sunshjne and fog 
occurred at the same time. 

469. Halot. — Hales are circles of prismatic colours around 
the sun (figs. 62, 63, 54, and 56) or moon (figs. 56 and 57), but 
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they are perfectly diBtinct from coronas, with which they must 
not be confounded. Halos are of comparatively tare occur- 
lence ; coronas, on the contrary, may be seen eveiy time a light 




Fig. 68. Fig. 67. 

fleecy cloud comes between ub and the sua or moon. The Btruc- 
ture of halos, as leen from the figures, is often very complicated, 
circle cutting circle in the most remarkable manner, and with 
mathematical exactness, the diameters of the circles being gene- 
rally very large; but the structure of the corona is simple, the 
circles concentric, the inner one small, varying from 2° to 4°, the 
diameter of the second circle being double that of the first, and of 
the third three times. In baloa, the red prismatic colour is next 
the centre ; in coronas, the blue. Ha!os are formed from the re- 
daction and reflection of the raya of hght by the minute anow- 
crystals of the cirrua cloud; while coronas arise from the inter- 
ference of the rays passing on each side of the globules of vapour. 

470, Parhelia and Para»elence. — At the points of intersection 
of the circles of the halo, images of the sun or moon generally 
appear from the light concentrated at these points, the imt^s of 
the sun being called ■parhelia (Gr. para, about or near, and 
hUios, the san) or mock-mn*, and those of the moon paratelena 
(Or. para, about or near, and selene, the moon), or mock-mooni, 
which also exhibit the prismatic colours of the halo. 

471. GoLOUBB OF Glocds. — The gorgeous colours of the clouds 
at sunset are the accompaniment of cumulus clouds (the cloud of 
the day during fine weather), while in the act of dissolving as they 
sink into the lower and warmer parts of the atmosphere ; conse- 
quently they disappear from the sky shortly after sunset. Such 
sunsets ore therefore nniversally regarded as prognostics of fine 
weather. Frequently small thin clouds appear high up in the 
sky some time before sunrise, but when the sun has risen they 
disappear. They are probably caused by the son abining on asd 
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wanning the npper layers of the atmosphere before it appears 
above the horizon ; thus small ascending currents are formed the 
vapour of which, as they ascend, is condensed in small clouds of 
the cirro-cumulus type. Their rounded definite forms show them 
to be produced in the same manner as the cumulus cloud — ^viz., 
by ascending currents forcing their way through colder strata. 
Tlieir consistence is thin and vapoury, and their colour generally 
whitish or grey. They may thus be regarded as heralding the 
cumulus, and as sure prognostics of fine weather. A green or 
yellowish-green tinted sky, on the other hand, is one of the 
surest prognostics of rain in summer, and snow in winter. The 
changing tints of the evening sky after stormy weather, gapplies 
valuable help in forecasting weather ; for, if the yellow tint be- 
come of a sickly green, more rain and stormy weather may be 
expected ; but if it deepen into orange and red, the atmosphere is 
becoming drier, and fine weather may be expected. 

472. Some years ago, Principal Forbes showed that high-pres- 
sure steam, while transparent and in th^ act of expansion^ readily 
absorbs the violet, blue, and part of the green rays, thus per- 
mitting the yellow, orange, and red to pass ; and he suggested 
that coloration may be produced in a mixture of air and vapour, 
when the vapour is in the intermediate state. Dr E. Lommel has 
shown that successive layers of air charged with visible vapour, 
act, so to speak, like sieves, and continually separate the transmit- 
ted light more and more completely from its more refrangible rays. 
Hence, in passing through difi'erent thicknesses of vapour, tiie 
blue rays are first absorbed, then the yellow rays, and finally the 
red rays. It is in the lower layers of the atmosphere that dust, 
smoke, water}- vesicles, and rain-drops are chiefly suspended. 
When the sun is high in the heavens, the thickness of the vapour- 
screen between the sun and the eye is not sufficient to produce 
any perceptible action on the rays of light, which consequently 
appear white ; but as the sun descends towards the horizon the 
thickness of the vapour-screen is greatly increased, and at sunset 
it is calculated that the light of the sun has to pass through 200 
miles of the air in illuminating a cloud a mile above the earth. 
Hence, as the rays fall more and more obliquely on the clouds, 
they appear successively yellow, orange, and finally red. The 
varied colours often seen at sunset are caused by the clouds being 
at different heights and in different parts of the sky, so that vari- 
ous thicknesses of vapour are interposed between them and the 
sun. At dawn the clouds first appear red ; but as the sun rises 
Jiigher, the yellow light ceases to be absorbed, and the clouds 
Appear orange, yellow, and finally white. 



inSOELLANfiOUS. 195 

It is evident that a high red dawn may be regarded as prognos- 
tic of settled weather, because the redness seen in clouds at a 
great height while the sun is yet below the horizon may be occa- 
sioned by the great thickness of the vapour-screen through which 
the illuminating rays must pass before reaching the clouds, and 
not to any excess of vapour in the air itself. But if the clouds be 
red and lovoering later in the morning, it may be accepted as a 
sign of rain, since the thickness traversed by the illuminating rays 
being now much less, the red colour must arise from an unusual 
amount of vapour in the vesicular state, and in the state interme- 
diate between the vesicular and the gaseous, when, according to 
Forbes, the blue rays are absorbed, and the yellow and red pass. 
It is to the latter of these kinds of red sunrise that the prognostic 
refers: — 

'' The eyening grey and the mommg red, 
Put on your nat, or you'll wet your head." 

Meteors. 

473. Meteors and Shooting-Stars can scarcely with propriety 
be included among meteorological phenomena, since the whole of 
the facts known regarding them lead to their being classed with 
astronomical bodies. Of late years they have been carefully ob- 
served and their movements made the subject of scientific investi- 
gation ; and attention was forcibly drawn to their consideration 
by the magnificent star -shower of the night of the 13th-14th 
November 1866. During a shower of meteors, if the lines of the 
tracks of the different meteors be projected on the sky, it is found 
that nearly all meet in one point. This is the vanishing point in 
the perspective on which their tracks are projected, and points to 
that region in space over which the meteors are distributed. A 
number of these vanishing points have been determined. 01m- 
stead first drew attention to this inquiry regarding the distribu- 
tion in space of meteoric matter, and showed that the great 
star-shower of November 1833 had its vanishing point in the 
constellation Leo. Professor Newton, America, has collected the 
records of the great November showers from the tenth century, 
from which there is evidence of eleven instances of their occur- 
rence ; and these records prove that they recur at regular intervals 
of thirty-three years and part of a day, the date of their occurrence 
having been from the 9th to the 14th November. In addition to 
the annual period in November, meteors also are frequently ob- 
served about the 10th of August; and, though not so common, 
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about 2d January, SCVth April, 28th July, 24th October, and 8-13th 
December. These showers indicate the regions of space through 
which immense numbers of meteors are moving with planetary 
velocity ; and when the earth in its motion round the sun travels 
through these spaces, it attracts to it many of these bodies, 
which, as they enter the atmosphere with a speed of thirty miles 
a second, are set on fire by the rapidity of flieir flight, like the 
arrow shot by Acestes — 

'' Chafed by the speed, it fired ; and as it flew, 
A trail of following flames ascending drew." 

Meteors move in orbits variously inclined to that of the tarth. 
Professor Herschel has particularly studied this class of bodies, 
and, from twenty well-observed cases, has shown that their 
weight varied from 30 grains to upwards of 7 lb. 

474. Since they become luminous on entering the atmosphere, 
careful observations made at different places would give an ap- 
proximate solution to the problem of the height of the atmosphere. 
From such observations it is supposed that the earth's atmo- 
sphere is at least one hundred miles high, and that probably, 
though in an extremely attenuated form, it reaches to about two 
hundred miles. The extraordinary quantity of latent heat in air 
so attenuated, becomes sensible as the air is compressed before the 
meteor, and thus we have a satisfactory explanation of the speedy 
ignition of all meteors as they traverse the atmosphere, and the 
rapid conversion of the smaller ones into thin mist, which in some 
cases remains floating in the sky for half an hour. Meteors enter 
the atmosphere bringing with them the temperature of the stellar 
spaces, which Sir John Herschel supposed to be about — 23.9° ; 
and since their surfaces quickly become highly heated, an explo- 
sion soon takes place from the difference of the temperatures. 
Such explosions, however, do not always take place ; thus the 
meteoric mass which fell at Dhurmsala, in India, on the 14th of 
July 1861, was first very hot, but as the great cold of the interior 
of the meteor quickly counteracted the heat produced on its surface 
by its rapid flight through the air, it soon became so intensely cold 
that it could not be touched. 
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WEATHER, AND BTORM-WARNINGS. 

475. Weather is the condition of the air at any time as re- 
gards heat, moisture, wind, rain, cloud, and electricity; and a 
change of weather implies a change in one or more of these con- 
ditions. From the direct bearing which weather-changes have on 
human interests and pursuits, they have been closely observed 
from the earliest times, so that their approach might be predicted 
with some degree of confidence. The strong craving in the public 
mind for this knowledge is attested by the prognostics current 
in every language, which, amid much that is shrewd and of prac- 
tical value, embody more that is vague, and not a little that is 
absurd. TTie truth is, no prediction of the weather can be made, 
at least in the British Islands, for more than three, or perhaps only 
two days beforehand ; and any attempt at a longer prediction is 
illusory. But though no prediction of the weathet weeks or 
months beforehand can be maae with any pretension to trust- 
worthiness, yet guesses or surmises may be formed which are not 
without value. All prediction based on solar or other astronomi- 
cal causes, if not misleading, is useless. Investigations appear at 
present to point to a connection between the positions of the 
planets on the one hand, and the sun's spots, terrestrial magnetism, 
and the aurora, on the other hand. Nothing, however, could be 
inferred from such a connection, even were it conclusively estab- 
lished, that could be turned to account in predicting the weather 
likely to occur in a particular country within a specified time. 
The only safe guides we can have in attempting to forecast the 
weather for some time are averages based on terrestrial obser- 
vations. 

476. Of this class may be mentioned the interruptioTis which 
occur in the regular march of temperature in the course of the 
year. Thus, since in Scotland at least, cold weather prevaila 
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some time in the second week of February, April, May, the last 
week of June, and the first week of August and November ; and 
warm weather in the second week of July and of August, and in 
the beginning of December, it follows that, when at these times 
the weather becomes cold or warm, a continuance of such weather 
may be expected for a few days. These interruptioDS of tempera- 
ture are generally either preceded or followed by stormy weather. 
If, after an imusual prevalence of south-west wind, or the equa- 
torial current, cold north-easterly or easterly winds should set in, 
it is ptobable that they will prevail for some time. If the season 
be winter, frost, and perhaps snow, may be looked for ; and if 
summer, the weather may be expected to become dry, warm, and 
bracing, particularly if the wind be E. or S.E. But suppose 
easterly winds have largely predominated in autumn, and south- 
westerly winds begin to prevail in the end of November or be- 
ginning of December, the weather is likely to continue excep- 
tionally mild, with frequent storms of wind and rain, till about 
Christmas. This period occurs nearly every year, and its be- 
ginning is popularly known as St Martin's summer. On the same 
principle, if easterly winds preponderate largely above the average 
in spring, the summer is likely to be characterised by south- 
westerly winds, with much rain and moisture, and little sunshine ; 
but if easterly winds nearly fail in spring, they are likely to 
prevaQ in summer, bringing in their train dry, warm, bracing 
weather, clear skies, and brilliant sunshine. 

477. It is an opinion which has been long and popularly enter- 
tained, that the changes of the moon have so great an influence on 
the weather that they may be employed with confidence in predic- 
tion. That the moon's changes exercise an influence so strongly 
marked as to make itself almost immediately felt in bringing 
about fair or rainy, or settled or stormy weather, an examination 
of meteorological records, extending over many years, conclu- 
sively disproves. 

478. The next class of prognostics are of a more certain char- 
acter, being teiken from those indications or appearances which 
experience has shown to be the precursors of changes of weather ; 
or rather, they are the first indications or beginnings of these 
changes. The visible form of these crystals, known as the cirrus 
cloud, has already been referred to, as indicating the approach of 
storms. But there is one form of it which may be here adverted 
to, from its connection with the great atmospheric currents of the 

northem iiemisphere. It is thus given in Dr Arthur Mitchell's 
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' Prognostics' : '' The fanners in Berwickshire say that a long 
strip of cloud, sometimes called by them a salmon, sometimes 
called Noah's ark, when it stretches through the atmosphere in 
an east-and-west direction, is a sign of stormy weather ; but when 
it stretches in a north-and-south direction, is the sign of dry 
weather." When the cirrus cloud — the salmon or boat form 
being merely the eflPect of perspective — stretches from north to 
south, or, more accurately, from N.W. to S.E., atmospheric pres- 
sure is at the time, at least in regions immediately surrounding 
Great Britain, at the normal height ; and there being thus no dis- 
turbance indicated, settled weather may be looked for. But when 
the cirrus stretches in bands lying east and west, or from S.W. to 
N.E., there is a great atmospheric disturbance indicated, point- 
ing to a system of low pressure, the characteristic of a storm, 
somewhere to the west or south-west, from which a column of 
moist warm air is ascending and flowing as an upper current over 
Great Britain; and from experience we know that this current 
wiU ultimately prevail lower down, saturating the air as it de- 
scends, in preparation for the storm which is advancing. Hence, 
when the cirrus lies from west to east, a storm is imminent. 

479. The sotUh-east wind is a most valuable weather-prognostic 
in Great Britain. There are two totally distinct kinds of south- 
east wind — ^the one presaging stormy weather, and the other 
settled fine weather. The characteristics of the Yormer are moisture 
and warmth, and the sky clear down to the horizon, or streaked 
with cirrus clouds, and then covered with clouds bringing rain. 
The wind itself is caused by an in-draught towards the low baro- 
meter which accompanies a storm approaching from the west, and 
it gradually veers to the south and west as the storm advances. 
The other south-east wind is accompanied with dry weather, a 
clear sky with haze near the horizon, and a high barometer still 
rising or stationary. It is the result of a higher atmospheric pres- 
sure descending over Bussia and Central Europe, does not veer to 
the south and west, and may be considered as our only really 
settled fine weather. 

480. Quite analogous to the above is the northreast wind in its 
relation to weather-changes. When the centre of a storm passes 
to the eastward at some distance south of any place, the wind which 
points to its approach is not a S.E. but a N.E. wind. This is 
particularly the case when the pressure has been for some time 
high in the north, which in winter occurs with protracted frosts. 
Hence one of the surest signs of the breaking up of a severe frost 
is the setting in of the N.E. wind, if it be accompanied with a 
falling barometer, and a green or yellowish-green tinted sky ; and 
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it is all the more certain if the skj becomes gradually overcast, 
and the wind veers from N.E. to N. and N.W. It is accompanied 
with a fall of snow, which passes into sleet as the wind shifts into 
the west, and finally into rain. On the other hand, if the north- 
east wind be accompanied with a clear sky with haze near the 
horizon, and a high barometer rising or stationary, and if the wind 
does not increase in strength, and tends to veer rather in the 
direction of £. and S.E., the weather will remain settled for some 
time. 

Storm-Warnings. 

481. It is in tropical and sub-tropical countries that an isolated 
observer may, with the greatest degree of certainty, predict the 
approach of gales and hurricanes. In those regions barometric 
pressure and the other meteorological elements are so constant 
from day to day, that any deviation, even a little, from the aver- 
age of the hour and season in respect of pressure, direction and 
strength of the wind, and the direction and amount of cloud, im- 
plies a storm at no great distance. This important practical 
problem has been worked out with great success by Mr Meldrum 
at Mauritius. At Port Louis, Mauritius, in July, the mean pres- 
sure at 32° and sea-level is 30.274 inches at 9 A.M., from which it 
falls to 30.186 inches at 3 P.M., it then rises to 30.236 inches at 10 
P.M., and again falls to 30.192 at 4 a.m. The mean direction of 
the wiad for the same month is from S.E. to E., generally E.S.E. ; 
and its force about 0.41 lb. to the square foot, subject to an in- 
crease or decrease at different times of the day. Suppose now that 
the barometer was observed to fall after 9 a.m. with a greater 
rapidity than was due to the usual daily range ; or that in the 
afternoon it did not rise to the second maximum, or that it fell 
instead of rising ; or suppose, in short, any deviation from the 
observed daily march, then it is certain that there is somewhere 
an atmospherical disturbance, near enough to Mauritius to influ- 
ence the pressure. 

482. The direction in which the disturbance is from Mauritius 
is readily known from the wind. The distance of the storm may 
be closely approximated to by observing the rate and amoimt of 
fall of the barometer, taken in connection with the observations 
of the wind and the clouds. The rate and direction of the pro- 
gressive motion of the storm are known chiefly from the veerings 
of the wind. Mr Meldrum worked at the solution of this problem 
for several years, and took a very eff^ective course to test the just- 
ness of his conclusions. He laid down the path of the storm froii^ 



WEATHER, AND STORM- WARNINGS. 201 

the Mauritius observations alone ; and on afterwards receiving, 
from captains of vessels who had encountered the storm, a note of 
the latitudes and longitudes, stated, to their surprise, when and 
where they had the storm, and the direction and veerings of the 
wind during its continuance. After sufficient experience had 
been acquired, a note was sent to the daily newspapers when it 
was concluded from the Mauritius observations that a storm was 
abroad, stating its position and probable course from day to day. 
These notifications were carefully compared with the logs of ships 
which afterwards touched at the island. No case of failure has 
occurred since these notices began to be sent to the daily press. 
This gratifying result is of great value, since it shows what may 
be done at an isolated station in the ocean, or what may be done 
in ships at sea. 

483. In regions such as Great Britain, an isolated observer can- 
not, with a like certainty, draw conclusions from his own observa- 
tions regarding the approach of storms and other weather-changes. 
But he may almost, if not altogether, attain to the same degree of 
certainty, if he be assisted by a sufficient staff of observers, well 
distributed over Western Europe ; and be able, when he considers 
it necessary, to communicate with them through the telegraph. 
Out of 100 warnings sent to the north coast of France daring the 
winter of 1864-65, 71 were realised, and during that of 1865-66, 
76 ; and out of 100 storms which occurred, 89 were signalled dur- 
ing the first winter, and 94 during the second winter. This result 
is remarkable, as showing that of the storms which occurred in 
the north of France during these two winters, warning of the 
approach of 11 out of every 12 was sent. This leads to the im- 
portant result that, practically, the approach of every storm which 
visits Great Britain may be signalled some time before it reaches 
the different ports, except those in the extreme west. 

484. The requisites of a system of storm- warnings are these : 1. 
A day-and-night watch at Valencia, in the south-west of Ireland ; 
2. The telegraphing to the office in London notice of storms in the 
north-west of France and Spain, the west of Ireland, and the west 
and north of Scotland, immediately on their occurrence ; 3. Powey 
to the person intrusted with the issuing of the warnings to use the 
telegraphic wires at his discretion, so that he may ascertain how 
the storm advances. 

485. It is seen from Plates I. and II. that the highest atmo- 
spheric pressures are chiefly distributed over the northern hemi- 
sphere in January, and the lowest in July. If the pressure due to 
the elasticity of the vapour of the atmosphere was deducted from 
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that of the whole barometric pressure, the pressiire of the dry air 
which remains would present this relation in a much stronger 
light. The causes by which the dry air should have a minimum 
pressure in the hottest months of the year have been already 
referred to. 

486. IsoBABio Chabts of dry air for the globe, taken in con- 
nection with charts representing the whole pressure, may be re- 
garded as the last step to be taken towards attaining a position 
whence the great movements of the atmosphere over the globe 
may be observed, and the causes of these movements satisfEu^torily 
explained. Whilst the rule is, that the minimum pressure of dry 
air occurs in the hottest months, there are important exceptions. 
ThuSj in the north of Scotland the pressure of dry air is greater 
in summer than in winter ; at Aberdeen nearly equal ; but at 
Glasgow the pressure of the dry air is greater in winter than in 
summer, and at Greenwich the difference in favour of winter is 
still greater. In Iceland the pressure of dry air in summer 
exceeds that in winter in a still greater degree than in Orkney. 
At Sitka, in the north-west of North America, the pressure of the 
dry air is greater in July than in January ; whereas to the south, 
at New Westminster, in British Columbia, the pressure of the dry 
air is greater in January than in July — thus showing the same 
peculiarity to prevail in the North Pacific that prevails in the 
North Atlantic. 

487. This low winter pressure is explained by the ascent, and 
thence flowing away, through the upper currents, of the moist 
warm air which is poured into these regions from the respective 
oceans to the south of them ; and the outflow is maintained at the 
high rate necessary to reduce the winter pressure to so marked au 
extent by the extraordinarily high pressures in Asia, Europe, and 
North America, by which they are surrounded. As the pressure 
falls in summer over these continents, the force, arising from the 
difference of the pressures, which originates and maintains the 
outflow, is diminished ; and consequently, less air being drawn off 
from the North Pacific and North Atlantic in summer, the pres- 
sure is more nearly maintained at a normal height 

488. This question has important bearings on storms, particu- 
larly on the storms of Great Britain, which is situated within the 
southern limits of the region of most anomalous atmospheric pres- 
sure, which has its centre in Ireland. As the temperature falls 
in September and October, pressure is increased over the conti- 
nents of Asia, Europe, and North America, and consequently air- 
currents are poured in upon the northern part of the Atlantic in 

larger volume and with accelerated velocity ; and since, at the 
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same time, the temperature is everywhere falling, the whole at- 
mosphere becomes saturated with vapour. This accumulated 
vapour is discharged in those furious storms of wind and rain 
which strew oni shores with wrecks, and carry misery and desola- 
tion into the hearths of our seafaring population. Considering 
the important interests at stake, no amount of labour and no 
expense can be regarded as too great which might lead to a better 
understanding of these great atmospheric disturbances. 
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Table II. — ^Fob CoNvsBTiNa Millimetres into English 

Inches and Decimals. 

A millimetre equals 0.03937079 English inch. 
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Table III. — For Converting French or Paris Lines 

INTO Enolibh Inches. 

A Paris Line equals 0.088814 English Inch. 



Purl* 
Linefc 



28&0 
288.5 
289.0 
289.6 
290.0 
290.5 
291.0 
291.5 
292.0 
292.6 
298.0 
298.5 
294.0 
294.6 
296.0 
296.6 
296.0 
296.5 
297.0 
297.5 
298.0 
298.6 
299.0 
299.5 



Engltdi 
InchM. 



25.678 
25.623 
25.667 
25.712 
25.756 
25.800 
25.845 
25.889 
25.984 
26.978 
26.023 
26.067 
26.111 
26.166 
26.200 
26.245 
26.289 
26.883 
26.878 
26.422 
26.467 
26.511 
26.555 
26.600 



Pari* 



800.0 
800.5 
801.0 
801.6 
802.0 
802.5 
803.0 
303.5 
804.0 
804.5 
805.0 
805.9 
806.0 
806.5 
807.0 
807.6 
808.0 
808.5 
809.0 
809.5 
810.0 
810.5 
811.0 
811.6 



Engliah. 
InchM. 



26.644 
26.689 
26.733 
26.777 
26.822 
26.866 
26.911 
26.956 
26.999 
27.044 
27.088 
27.133 
27.177 
27.221 
27.266 
27.310 
27.855 
27.899 
27.444 
27.488 
27.532 
27.677 
27.621 
27.666 






Parli 
UnM. 



312.0 
812.5 
313.0 
313.5 
814.0 
814.5 
815.0 
815.5 
816.0 
816.5 
817.0 
317.5 
818.0 
818.5 
319.0 
819.5 
320 
320.5 
821.0 
821.5 
822.0 
322.5 
323.0 
823.5 



Xngllah 
Indim. 



27.710 
27.754 
27.799 
27.843 
27.888 
27.932 
27.976 
28.021 
28.065 
2a 110 
28.154 
28.198 
28.243 
28.287 
2&382 
28.876 
28.420 
28.465 
28.509 
28.554 
28.698 
28.643 
2a 687 
28.781 



Pari* 
Lino. 



8240 
824.5 
325.0 
825.5 
826.0 
826.5 
827.0 
827.6 
828.0 
828.6 
829.0 
329.5 
380. 
330.5 
831.0 
831.5 
382.0 
832.5 
833.0 
83a 6 
834.0 
834.6 
335.0 
886.5 



English 
Incnea 



2a 776 
2a 820 
28.865 
2a 909 
2a953 
2a 998 
29.042 
29.087 
29.131 
29.175 
29.220 
29.264 
29.809 
29.353 
29.397 
29.442 
29.486 
29.531 
29.575 
29.619 
29.664 
29.708 
29.753 
29.797 
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Linea 



836.0 
836.5 
837.0 
387.5 
S3a0 
83a 5 
889.0 
839.5 
840.0 
840.5 
841.0 
341.5 
342.0 
342.5 
84a 
34 a 5 
844.0 
344.5 
345.0 
845.5 
84a 
34a 5 
347.0 
847.5 



Bnrlidi 
Inchfli; 



20.842 
29.886 
29.930 
29.975 
80.019 
80.064 
80.108 
30.152 
80.197 
80.241 
80.286 
80.330 
80.374 
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80.818 
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T&BLB IV. — For R&dhcino Bakouetsio Obsertatioits to the 
Levbl op ths Sea; and cokvbrbel;, for thb Dbtebui- 
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B70 






Tift 


84 


B.2 
SS3 


603 
8 4 


796 


700 


740 
7011 


733 


718 

58 


OS 

Tia 


m 


z 






SeS 


ss 


s;s 


Mi 

.Bia 


798 




•i 


T4S 


782 


S 


026 






SK8 


B07 


S40 


.090 


«0S 


.rOl 


.7i4 




.t4a 


.7!8 


,030 






eoo 


S-8 




.837 


m 


m 


.734 




.753 








7"0 


Dl 


8«a 


SKB 


.84S 


829 


Ml 


.TBI 


777 


.781 


:748 


.'oIt 




770 




801 


870 


.8SB 




.m 


.804 


787 


.771 


.756 












801 


sro 


OBI 




.814 


707 
















«<S 


8R1 


Mi 




.320 


S07 




!775 






800 


BBS 


OSS 


S14 


.893 


8JB 


!b58 


,6Si 


BIT 


isoi 


.735 


lolB 




am 


CO 




OSS 




«SS 




.846 




.810 


.794 


-Di9 






m 




01^ 








.Sio 




.830 


.m 


.029 




sao 


9M 




947 


02 


9M 


.88 


.805 




.031) 




.020 




«40 


1,017 


.091 


.»»» 


.ii 


iig 




!830 


III 


:S! 


s 


.030 

.030 




S«0 


1.028 
1.040 




.070 


.■OS 


030 
04S 


.01 

.05 


.m 

.008 


Z 


:!S 


:1m 


,030 




SM 


S! 


I'.iae 


Zl 


.91 


MS 


.038 
.«40 


:il! 


a 






1 






1.071 








m 


.967 


.038 




■s 








i^ 


1.1 1'B 


1M2 


-040 
.Pen 


,033 


m 

000 

010 


.033 


.948 

S 


II20 


.0?5 


,000 


,038 




S40 


.lift 


j.m 


,007 


.043 


m 


.69 


.070 


9ii 


.035 


.9tO 








.132 


i.joo 




.064 




\.m 


Mt 


005 




.025 


!031 










iOBO 


.006 




1.010 


.MO 


075 


!0B4 




.034 






LliB 


lillS 


,101 


.078 




l.«SO 


l.OOO 


Ht 






.034 




990 


.!« 


H3 


S 


.098 1 


m 


Mi 


l.ni: 

l,fl!T 1 




:B33 


;s 


.'OSB 






1.190 


1.181 


.13* 




034 


.000 




016 


.91)3 


.m 


.085 



Table V.— Compahisom of thb CBKnaoADB Thebuoubteb with 

Fahrenheit's and Beacmcr'b, aiTina the cobeespondinh 
Vai.deb fob xAca DsaaBK, rsou +60° to — 41° Cbntiohadb. 



c-c 


r^ 


RWL 


CmL 


ribr. 


K«L 


c^ 


»^. 


- 


0^ 


^. 


=-. 


SD 
4B 

47 

te 

*1 

ii 

39 
SB 

82 
SO 


!!8.1 
111.8 

in.a 

100.4 

ior.6 

ios.a 

JW.0 

loaa 
MJ 

93.8 
93.0 

B3.a 

89.0 
84.2 


40.0 
39.2 

B7.8 
3U.S 
39.0 
35 2 

sS.e 

32.8 
31.0 
31.2 
3D.4 
39.8 

S8.0 

mJ 
2S.0 

21.0 

25.1 




T 

5 
4 
3 

6 
S 

9 
i 

3 
2 

D 
9 

T 


77.0 
89.8 

6a.o 

fl3.a 

83.6 
80.8 
S9.0 

ST. a 

55.4 
53.-a 
61.S 
50.0 

48.4 

13 S 
41,0 


M.8 

mo 

10.2 

ia.4 

17.8 
IBS 
18.0 

i5.a 

13.8 

110 
11.2 

SO 

r.2 

6.4 
6.8 

4.i 


-15 
-19 


90.2 

212 
17.B 






—24 
-27 

—81 
—33 

—as 

—38 
—41 


-to 

-9.i 

—23.0 
—81.0 
—10.0 


—20.0 

—21.6 
-22.4 

-28,4 

—80.4 
-32.0 


Companion t^filu SeaUifur each Tenth of a Drgrse. 


CcDt 
Puhr, 
Rmo. 

CoBt. 

Fahr. 
Cent. 









:: 


:: 


0.S 
<1.S4 
P.II 

o.i 

0.8T 
0.3T 


0.4 

o'sa 

0J5 
0.18 
04 

«.5 


4.1 

o.a 

c.;a 

0.5 


0.6 
1.08 
0.48 

0,33 
0.27 
0.6 
1.3S 


1.28 
6.1 
0.31 
t'sl 


0-S 
1.44 
o.a4 

0.8 
014 
0.38 
0.8 


0.9 

0.72 

0.5 

OA 
2 02 


1.0 
1.8 
0.8 
1.0 
0.66 

1.0 
12J 
l.£! 
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Table VI. — Showing the Elastic Force op Aqueous Vapour, 
IN Inches of Meivcurt, from 0^ to 80^, calculated from the 
Experiments of Eegnault 

From Mr Glaisher'a Hygrometric Tables, 
The interm^iaie tenihs of degree* may he eatily interpolated. 





Force 




Force 




Force 




Force 




Force 


Temp. 


of 


Temp. 


of 


Temp. 


of 


Temp. 


of 


Temp. 


of 




vapour. 




vapour 




vapour. 




vapour. 




vapour. 


o 


Inch. 


o 


Inch. 


o 


Inch. 


o 


Inch. 


o 


Inch. 





.044 


29.5 


.163 


39.7 


.244 


47.8 


.827 


64.7 


.428 


1 


.046 


30.0 


.167 


40.0 


.247 


47.5 


.829 


65.0 


.433 


2 


.048 


80.5 


.170 


40.3 


.250 


47.7 


.331 


65.5 


•441 


3 


.050 


31.0 


.174 


40.5 


.252 


48.0 


.835 


66.0 


.449 


4 


.052 


31.5 


.177 


40.7 


.254 


48.3 


.339 


66.5 


.467 


5 


.054 


32.0 


.181 


41.0 


.257 


48.5 


.842 


57.0 


.465 


6 


.057 


32.5 


.184 


41.3 


.260 


48.7 


.344 


67.5 


.473 


7 


.060 


33.0 


.188 


41.5 


.262 


49.0 


.348 


68.0 


.482 


8 


.062 


33.5 


.192 


41.7 


.264 


49.3 


.352 


69.0 


.600 


9 


.065 


34.0 


.196 


42.0 


.267 


49.5 


.356 


60.0 


.618 


10 


.068 


34.5 


.199 


42.3 


.270 


49.7 


.857 


61.0 


.637 


11 


.071 


35.0 


.204 


42.5 


.272 


60.0 


.861 


62.0 


.656 


12 


.074 


35.3 


.206 


42.7 


.274 


60.3 


.365 


63.0 


.576 


13 


.078 


35.5 


.208 


43.0 


.277 


50.5 


.367 


64.0 


.696 


14 


.082 


35.7 


.209 


43.3 


.280 


50.7. 


.370 


65.0 


.617 


15 


.086 


36.0 


.212 


43.5 


.283 


51.0 


.374 


66.0 


.639 


16 


.090 


36.3 


.214 


43.7 


.285 


61.3 


.378 


67.0 


.661 


17 


.094 


36.5 


.216 


44.0 


.288 


61.5 


.381 


68.0 


.684 


18 


.098 


36.7 


.218 


44.3 


.292 


61.7 


.384 


69.0 


.708 


19 


.103 


37.0 


.220 


44.5 


.294 


62.0 


.888 


70.0 


.733 


20 


.108 


37.3 


.223 


44.7 


.296 


62.3 


.393 


71.0 


.759 


21 


.113 


37.5 


.225 


45.0 


.299 


62.5 


.396 


72.0 


.785 


22 


.118 


37.7 


.226 


45.3 


.303 


62.7 


.899 


73.0 


.812 


23 


.123 


38.0 


.229 


45.5 


.305 


63.0 


.403 


74.0 


.840 


24 


.129 


38.8 


.231 


46.7 


.307 


63.3 


.407 


76.0 


.868 


25 


.135 


88.5 


.233 


46.0 


.311 


63.5 


.410 


76.0 


.897 


26 


.141 


38.7 


.235 


46.3 


.315 


63.7 


.413 


77.0 


.927 


27 


.147 


39.0 


.238 


46.5 


.317 


64.0 


.418 


78.0 


.968 


28 


.153 


39.3 


.240 


46.7 


.319 


64.3 


.422 


79.0 


.990 


29 


.160 


89.5 


.242 


47.0 


.323 


64.5 


.425 


80.0 


1.023 
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Table VII. — ^Factors fob MuLTiPLTiNa the Excess of the 
Dry-bulb Thermometer over that of the Wet-bulb, to 
FIND THE Excess of the Temperature of the Air above 

THAT OF THE DeW-POINT. 

From Mr Qlaishen^a Hygrometric Tables. 



Dry- 
bulb 
Ther. 


1 


Dry- 
bulb 
Ther. 


1 


Dry- 
bulb 
Ther. 


1 


Dry- 
bulb 
Ther. 


1 


Dry- 
bulb 
Ther. 


^ 


o 




o 




e 




o 




o 


10 


8.78 


28 


5.12 


46 


2.14 


64 


1.83 


82 


1.67 


11 


8.78 


29 


4.63 


47 


2.12 


65 


1.82 


83 


1.67 


12 


8.78 


80 


4.15 


48 


2.10 


66 


1.81 


84 


1.66 


13 


8.77 


81 


3.70 


49 


2.08 


67 


1.80 


85 


1.66 


14 


8.76 


82 


3.32 


50 


2.06- 


68 


1.79 


86 


1.65 


16 


8.75 


33 


8.01 


51 


2.04 


69 


1.78 


87 


1.64 


16 


8.70 


34 


2.77 


52 


2.02 


70 


1.77 


88 


1.64 


17 


8.62 


35 


2.60 


53 


2.00 


71 


1.76 


89 


1.63 


18 


8.50 


36 


2.50 


54 


1.98 


72 


1.75 


90 


1.63 


19 


8.34 


37 


2.42 


55 


1.96 


73 


1.74 


91 


1.62 


20 


8.14 


38 


2.36 


56 


1.94 


74 


1.73 


92 


1.62 


21 


7.88 


39 


2.32 


57 


1.92 


75 


1.72 


93 


1.61 


22 


7.60 


40 


2.29 


58 


1.90 


76 


1.71 


94 


1.60 


23 


7.28 


41 


2.26 


59 


1.89 


77 


1.70 


95 


1.60 


24 


6.92 


42 


2.23 


60 


1.88 


78 


1.69 


96 


1.69 


25 


6.58 


43 


2.20 


61 


1.87 


79 


1.69 


97 


1.59 


26 


6.08 


44 


2.18 


62 


1.86 


80 


1.68 


98 


1.58 


27 


5.61 


45 


2.16 


63 


1.85 


81 


1.68 


99 
100 


1.58 
1.67 
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Table VIII. — ^For Compabinq the Pbessube and the Velo- 
ciTT OP THE Wind. Calculated from the FormulaB, V" x .005 
= P ; and V 200 x P = V. 

From Instructums forr taJdng Meteorological Observations, by 
Colonel Sir Henry James, R,E,, F.R.S., <kc. 



Oz. per 

square 

foot. 


Miles 

per 

hour. 


lb. per 

square 

foot. 


Miles 

per 

hour. 


lb. per 

square 

foot. 


Miles 

per 

hour. 


lb. per 

square 

foot. 


Miles 

per 

hour. 


lb. per 

square 

foot 


Miles 

per 

hour. 


0.25 


1.77 


1. 


14.14 


4.50 


30.00 


11 


46.90 


24 


•69.28 


0.50 


2.50 


1.25 


15.81 


5. 


31.62 


12 


48.99 


26 


72.11 


0.75 


3.06 


1.60 


17.32 


6.50 


33.17 


13 


50.99 


28 


74.83 


1. 


3.54 


1.75 


18.71 


6. 


34.64 


14 


52.92 


30 


77.46 


2. 


6.00 


2. 


20.00 


6.50 


36.06 


15 


64.77 


32 


80.00 


3. 


6.12 


2.25 


21.21 


7. 


37.42 


16 


56.57 


34 


82.46 


4. 


7.07 


2.50 


22.36 


7.50 


38.73 


17 


58.31 


86 


84.85 


5. 


7.90 


2.75 


23.45 


8. 


40.00 


18 


60.00 


38 


87.18 


6. 


8.66 


3. 


24.49 


8.50 


41.23 


19 


61.64 


40 


89.44 


8. 


10.00 


3.25 


25.60 


9. 


42.43 


20 


63.24 


42 


91.65 


10. 


11.18 


3.60 


26.46 


9.50 


43.59 


21 


64.81 


45 


94.87 


12. 


12.25 


8.70 


27.39 


10. 


44.72 


22 


66.33 


48 


97.98 


14. 


13.23 


4. 


28.28 


10.50 


45.82 


23 


67.82 


50 


100.00 
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\* The figures, unless where otherwise expressed, refer to paragraphs, 

and not to pages. 



ABNOBifAL temperatures caused by 
ocean-currents, 168. 

Adie, J., travelling barometer, 82. 

Adie, R.( conservatory hygrometer, 243. 

Adie, A., sympiesometer, 89. 

Agriculture, relation of temperature to, 
119. 

Air-thermometer, invention of, 4. 

America, influence of itn large lakes on 
the climate, 151, 199. 

Anemometers, 829. 

Aneroid barometer, 88. 

Anthelia, or glories of light, 468. 

Apjohn's formula, 251. 

April, cold period of, 220. 

Aqueous vapour as a disturbing influ- 
ence on the atmosphere, 80. 

Arago on lightning, 448. 

Artesian wells show temperature in- 
creasing with depth, 188. 

Atmometer, 235. 

Atmosphere, height deduced from met- 
eors, 474. 

Atmospheric pressure, mode of measur- 
ing, 44; distribution over the globe. 
Chap. III. ; its relation to temperature. 
Chap. VII.; to temperature, winds, 
vapour, rain, dec, passim; causes of 
unequal distribution, 861 et seq. 

Aurora borealis, 454 ; height, 456; rela- 
tion to terrestrial magnetism, 459; 
distribution over the earth, 455. 

Australian harmattan, 886. 

Bacon, Lord, 875. 

Baddeley on dus't-whirlwinds, 452. 

Baker, Sir S. W., dust-whirlwinds of 
Nubia, 452. 

Ballot, Dr Buys, 14, 87 ; Law of this 
WiKDs, 857, 401 ; apparent exceptions 
to, 404. 

Barometer, invention, 8; description 
of, 24 ; neutral point of, 80 ; mode of 
removing from place to place, and of 
expelling air from, 83 ; must be hung 

SerpendTcularly, 34; scales, 45; re- 
a(ung to 82*, 41 ; correction for hdght. 



46; table -pages, 207, 208; example 
showing method of reducing, 53 ; daily 
variation, 55 ; do. of dry air, 61 ; annual 
variation, 66 ; corrections for range, 
their use and abuse, 65; variations, 
where large, 68 ; low in storms not the 
effect of centrifugal force, 482 ; ex- 
traordinary fluctuations in tropical 
storms, 416; table comparing milli- 
metres with English inches, page 205 ; 
and Paris lines with Englisu inches, 
page 2U6. 

Barometric gradient, 411. 

Barometric measurement of heights, 54. 

Barometric tubes, use of air-trap in, 82. 

Bates, Rev. J. Chadwick, observations 
with rain-gauges, 296. 

Beaufort's scale of wind force, 831. 

Becquerel and Breschet's experiments 
of electricity, 439. 

Bennet's electrometer, 437. 

Berigny, 462. 

Beverley, Rev. A., proportion of rain- 
fall at Aberdeen with dijGferent winds, 
309. 

Black-bulb thermometer, 136, 143. 

Blodget's remarks on rainfaU of Ame- 
rica, 313. 

Bohenenbei^ger's electroscope, 433. 

Bora, 879. 

Borrowing days, 220. 

Boussingault, 138. 

Box for thermometers, 99. 

Boyle, 228. 

Breezes, land and sea, 334. 

Brewster, Sir David, on daily march of 
temperature, 107; causes which inter- 
fere with it, 108. 

Bridge of Allan, advantages as a winter 
and spring resort, 112. 

British Islands, summer temperature, 
205 ; chart showing, page 76 ; winter 
temperature, 1 95 ; chart showing, page 
71 ; where best for invalids, 106. 

Brongh, 467. 

Bryham, W., observations on under- 
ground temperature, 180. 
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Bulletin International, 22. 
Burckhardt, 384. 

California, sammer temperatnre, 197. 

Calms in storms, 407 ; region of, SS9. 

Capacity, error of, in barometer, SO ; of 
idr for vapour in relation to tempera- 
tare, 241. 

Capillarity in barometer, error of, 29. 

Casella's mercurial minimum thermome- 
ter, 96 ; hypsometer, 83 ; thermometer 
for deep-sea temperatures, 163. 

Cavallo's electrometer, 437. 

Celsius's thermometer, 85. 

Centigrade thermometer, 85. 

Chatfield, Commander, 422. 

Chrimes's, R, observations with rain- 
gauges, 296. 

Cistern barometers, 28. 

Climate, how determined, 224; influ- 
enced by great specific heat of water, 
186 ; influenced oy maximum densi- 
ties of fresh and salt water, 150 ; cur- 
rents of the sea, 193; sheets of shallow 
and deep water respectively, 161; 
¥rinds, 200, 844 ; mountain-ranges, 
201 ; vegetation. 131 ; forests, 132, 
160; sandy deserts, 130. 

Climates, insular and continental, 202 ; 
extreme, their effect on the death-rate, 
206. 

Clouds, general causes, 271 ; apparently 
resting on liills, cause of, 269; how 
suspended in air, 274 ; classification, 
278 ; cirrus, 279 ; its relation to storms, 
and value as a prognostic, 280; 
cumulus, 281 ; stratus, 282 ; cirro- 
cumulus, 283 ; cirro-stratus, 284 ; 
cumulo - stratus, 286 ; cumulo - ci rro- 
stratus, 386 ; mode of observing. 288; 
height, 276 ; colours, 471 ; velocity of 
clouds, 290 : relation to storms, 400. 

Cold weather, January 1867,210; Christ- 
mas 1860, 217; Southern Europe, 
January 1868, 379; periodically re- 
curring, 220. See Temperature and 
Frosts. 

Conduction of heat, 121. 

Conservatory hygrometer, 243. 

Convection of heat, 125. 

Coronas, 467 ; as prognostics, 467. 

Crops, ripening, depends not on mean 
temperature, but on the highest tem- 
perature during day, 115 ; in relation 
to high and low temperatures, 119 

Currents of the sea. 167 ; effect on cli- 
mate, 175, 192 ; currents of the atmo- 
sphere over the globe, prevailing 
lower and npper, 866, 433; ascend- 
ing currents, physical conditions of, 
433. 

Cyclones. See Storms and Hurricanes. 

Dalibard, 436. 

Dalton's 'Meteorological Essays,' 9; on 

height of annira, 466. 
Damp air, why it feels colder than dry 

air, 123. 



Daniell's * Meteorological Essays,* 11; 
hygrometer, 246. 

Davy, Sir Humphrey, 264. 

Davy, H. Marie, on relation of storms 
to magnetism, 460. 

Density of the sea. See Sea. 

Density, maximum of fresh and salt 
water, 149 ; with effect on climate, 
160. 

Dew, history of theory of, 10 ; how de- 
posited, and where most copiously, 
146. 

Dew-point of the air, 246 ; how ascer- 
tained, 251; important to hortical- 
turists, as predicting frosts, 254. 

Diathermancy of the air, 258. 

Dov^, isothermal lines, 13, 14 ; annual 
inarch of temperature of the globe, 
206. 

Drainage as affecting temperature of 
soil, 237. 

Dry air of atmosphere, daily variation of 

{)ressure of, 61 ; importance of know- 
edge of distribution of, 481. 
Dry-and- wet-bulb hygrometer, 247; pre- 
caution in using, 248. 

East winds of Great Britain. 377; of 
Russia, 378 ; cause of unhealthiness, 
261 ; as a prognostic, 479, 480. 

Education, importance of meteorology 
as a branch of, 23. 

Elastic force of vapour, 255; represents 
the absolute humidity, 251. 

Electricity of the atmosphere, 436 ; 
sources of, 440 ; in relation to its va- 
pour, 441 ; annual and diurnal periods, 
441; great changes during tnunder- 
storms, 442. 

Electrometers, 437. 

Electroscopes, 438. 

Elliot's, Professor James, experiments 
on drainage and temperature of soil, 
238. 

English Channel, cause of gales there, 
4o9. 

Espy on clouds, 274. 

Etesian winds, 388. 

Evaporoeter, 234. 

Evaporation, 233; heat lost by, 236; 
temperature of, 250 ; as affecting 
sandy, peaty, and heavy soils, 238, 
239. . 

Everett, Professor J. D., on under- 
ground temperature at Greenwich, 
186. 

Explosions in mines in relation to the 
barometer, 408. 

Extreme temperatures, their value, 118. 

Fahrenheit's thermometer, 5, 84. 

Faraday, 442. 

Fitxroy's, Admiral, storm-warnings, 21;- 
barometer, 37. 

Fleming's rain-gaug^, 204. 

Fogs of radiation, 262 ; where most pre- 
valent, 268; locally distributed, 265; 
on the coast, 267; accompanying 
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Btorms, their importance meteorolo- 
gically. 270. 

Forbes, Principal, 14 ; on underground 
temperature, 185, 186; on colours of 
clouds, 471. 

Force of wind, in relation to pressure, 
410. 

Forests, retardation of their daily maxi- 
mum and minimum temperatures, 
-with the effect on climate, 182; as 
affecting mists and rain, 182; on 
winter temperature, 196. 

Fortin's barometer, 81. 

Franklin's experiment on atmospheric 
electricity, 16, 486; suggests light- 
ning-conductors, 447. 

Freezing-point of sea-water of average 
saltness, 149. 

Frost, frequency of occurrence as an 
element of climate, 119 ; decree in 
which it penetrates into different 
soils, 122; may be predicted by the 
hygrometer, 254. 

Fulgurites, 445. 

Gases, law of independent pressure, 
how modified in the atmosphere, 282. 

Olaisher, 14 ; experiments on terres- 
trial radiation, 144; on long and short 
grass, 145; temperature at different 
heights, 154 ; factors for ascertaining 
dew-point, 251, table-page 211; hygro- 
metric tables, 252 ; balloon ascents in 
relation to decrease of temperature 
with height, 208 ; to humidity of at- 
mosphere, 255 ; to currents of at- 
mosphere, 272; height of do., 276; 
snow-crystals, 315. 

Olories of light, 468. 

Oradient, barometric, 411. 

Gregal^ of Malta, 879. 

Gulf Stream, temperature of,168,194; its 
Influence on climate of Great Britain, 
Iceland, and Norway, 193 ; on atmos- 
pheric pressure, 74 ; on fogs, 268. 

Hadlet propounds theory of trade- 
winds, 8. 

Hail, 825. 

Hailstones, different forms, 826. 

Hailstorms, 449 et seq. 

Halos, 469. 

Hann, 14. 

Hansteen, 14 ; on auroras, 454, 458. 

Harmattan, 886. 

Haze, value as a prognostic, 479. 

Heights, measured by barometer, 54; 
by thermometer, 83. 

Hemispherical- cup anemometer, 829. 

Henley's quadrant electrometer, 487. 

Herschel, Alexander, on meteors, 478. 

Herschel, Sir J., obserA'ation on effect 
of forests on rain, 266; on atmos- 
pheric electricity, 441 ; on an oak-tree 
struck by lightning, 445 ; on height of 
aurora, 456 ; on temperature of stellar 
spaces, 474. 

Hoar*fh)st, 140. 



Home, D. Milne, experiments on drain- 
age, 238. 

Horary variation of barometer, 65 et ieq.; 
of thermometer, 108 et 8eq, 

Horse latitudes, 839. 

Houzeau, 462. 

Howard's nomenclature of clouds, 278. 

Humboldt's isothermal lines, 18; cur- 
rent, temperature of, 168; influence 
on temperature, 196. 

Humidity, absolute, how distributed, 
255 ; relative, 252, 256 ; how calcu- 
lated, 252 ; low, observed at Djeddah, 
257. 

Hurricane of Calcutta, 5th October 1864, 
417 ; West Indian, of Ist October 1866, 
416 ; barometric fluctuations, 416 ; 
track of centre, see Plate VIII.; rate 
of its progressive motion, 420 ; direc- 
tion of wind, 419 ; veering of wind, 
421 ; storm-wave accompanying, 417. 

Hurricanes, West Indian, time of occur- 
rence, 423. 

Hutton's theory of rain, 291. 

Hydrometer, 178. 

Hygrometers, invention of, 6, 242; of 
absorption, 243; condensation, 245; 
evaporation, 246. 

Hygrometry of the atmosphere, 241. 

Hypsometer, 83. 

Ice, its manufacture in Bengal, 162. 
Iceland, its importance with reference 

to climates of America and Europe, 

844. 
Indian Ocean, storms of, 425. 
Interruptions of temperature, 14, 219, 

221 ; determined by the wind, 222; by 

distribution of pressure, 223; use in 

forecasting weather, 476. 
Ireland, climate of (««e British Islands); 

its importance on a system of storm- 

wamiogs, 479. 
Isobaric charts. Plates I., II., III. 
Isocheimals, or lines of equal winter 

temperature. See Isothermal charts. 
Isotherals, or lines uf equal summer 

temperature. See Isothermal chart. 
Isothermal charts for January, Plate 

IV. ; July, Plate V. ; for year, Plate 

VI. ; British Islands for July and 

January, pages 71 and 76. 

James's, Col. Sir H., table of pressure 
and velocity of wind, page 212. 

Jelinek, Dr Carl, 14. 

Johnston's, Dr A. K, * Physical Atlas,' 
423. 

Kaemtz on height of clouds, 276; on 

frequency of auroras, 467. 
Khamsin, 384. 
King, barometer adapted for registering 

small barometric fluctuations, 833. 
Kupffer, 14. 

Lakes, their inflnenoe on climate, 199. 
Land and sea breezes, 834. 
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Levanter, 888. 

Le Verrier, 22. 

Lightoing, 443 ; dnration of flash, 443. 

Lightning-rods, 447. 

Liud's anemometer, 330. 

Lommel, Dr E., on colours of clouds, 
472. 

Loomis, Professor, 413; on low baro- 
meter in stoniis, 432; on auroras, 45&- 
57. 

Lowe, E. J., snow-crystals, 315; on 
height of auroras, 456. 

Lunar rainbows, 465. 

M'Clintock's, Capt., observations on 
the aurora, 458. 

Mackerel sky, 283. 

Magnetism, terrestrial, in relation to 
the sun and to the aurora, 459; to 
storms, 460. 

Marine barometer, 32. 

Marriotte's law, 228. 

Martin on increase of temperature with 
height in cold weather, 154. 

Maury's ocean-charts, 19. 

Maximum thermometers, 89. 

May, cold period of, 220. 

Mean temperature, in4)ortance of re- 
solving into the extremes which com- 
pose it, 114, 115; vague meaning of, 
lis. 

Meldrum, Charles, on rainfall of Mauri- 
tius, 803; on storms of Indian Ocean, 
428; on notification of storms at 
Mauritius, 481. 

Mercury, freezing-point of, 81. 

** Merry dancers," 454. 

Meteors, 473. 

Milne's, Admiral Sir A., observation on 
temperature of Gulf Stream, 177. 

Minimum thermometer, 93; Casella's, 96. 

Mist and fog, how caused, 262 et seq. 

Mist on hills. 269. 

Mistral, 379. 

Mitchell's, Dr A., prognostics, 478. 

Mock-moons, 285, 470. 

Mock-suns, 285, 470. 

Moffat's, Dr, ozonometer, 462. 

Mohn, Professor, chart of temperature 
efNorth Atlantic, 168. 

Moisture of the atmosphere. Chap. VIII., 
page 86. 

Monsoons, 370 ; their effect on rainfall 
of India, 347. 

Moon's influence on weather, 477. 

Mountain-range, influence on climate, 
20L 

Neoretti andZambra's maximum ther- 
mometer, 91. 

Newton, Professor, 473. 

Northers or Nortes, 880. 

North-east wind, value as a prognostic, 
480. 

OcEAK. See Sea. 

Qimstead on the November meteors, 
47& 



Optical phenomena of the atmosphero, 

468. 
Ord, Dr, observations on density of the 

sea, 182. 
Osier's anemometer, 830. 
Ozone, 461. 
Ozonometer, 462. 

Pampero, 381. 

ParaselensB, 285, 470. 

Parhelia, 285, 470. 

Parry, 456. 

Pascal proves the weight of the atmo- 
sphere, 3. 

Phillips's maximum thermometer, 90 ; 
observations on rain, 296. 

Plantamour, Professor E., on the dis- 
tribution of temperature in Switzer- 
land during the winter of 1863-64, 
157. 

Plants, their destruction by frost, how 
prevented, 254. 

Poey's table of hurricanes, 423. 

Prediction of storms. See Storms and 
Storm-Warnings. 

Pressure. See Atmospheric Pressure. 

Prognostics from amount of moisture 
in the air, 254 ; tlie cirrus cloud. 280 ; 
the cumulus cloud, 281 ; the stratus 
cloud, 282 ; cirro-cumulus cloud, 283 ; 
cirro-stratus, 284; cumulo - stratus, 
286; colours of clouds, 471; rainbows, 
466 ; silent lightning, 443. See Wea- 
ther and Storm- Warnings. 

Puna winds, 382. 

QUETELET, A., 14. 

Radiation, 127; Solar, its effect on 
earth's surface estimated by black- 
bulb thermometer, 136; on land, 129; 
on water, 134 ; why great in elevated 
situations and at the poles, 260; Ter- 
restrial, 137; how estimated, 168; 
its effects on different substances, 
144; on water, 147; on land, 153. 

Rain, general causes of, 291; specific 
conditions required, 292; in relation 
to atmospheric pressure. Chap. XL 

Rainbow, solar, 463 ; lunar, 465 ; extra- 
ordinary. 464; supernumerary, 463. 

Rain-cloud, 287. 

Rainfall diminishes with the height 
above the ground, 296 ; cases of heavy 
falls, 298; relation to storms, 400; in 
the region of calms, 301 ; the tropics, 
800, 304 ; Hindostan, 302, 347 ; Europe, 
805; Mediterranean, 310; Caspian Sea, 
811; America, 812; Australia, Tas- 
mania, New Zealand, South Africa, 
and South America, 314. 

Rain-gauges, 294 ; size of, 295 ; position 
of, 296. 

Rainless regions of the globe, 297. 

Rainy days, 299; definition of a rainy 
day, 299. 

Range of temperature, 116; causes in- 
fecting its amount, 118. 
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Bankln's, BrW., obsexvation on density 

of the sea, 182. 
Beanmnr's thermometer, 86. 
Begistering thermometers, 88. 
Regnault's hygrometer, 246; elastic 

force of vapour, 251 ; and table of, 

page 210. 
Renou on the rain-dond, 292. 
Betum shock, 446. 
Bew's, G. V. Jagg, rain-gange, 294. 
Bichmann, 436. 
Bobinson's anemometer, 329. 
Bomas, 486. 
Komer, 4. 

Boss, Sir J. C, case of serein, 293, 855. 
Bussell, B., remark on northers, S8u. 
Butherford's maximum thermometer, 

89; minimum thermometer, 93. 

Sabine, General, 14 ; on relation of ter- 
restiikl magnetism to the sun, 459. 

St Elmo's fire, 448. 

St Martin's summer, 476. 

Samiel, 885. 

Sanctorio, inventor of the air-thermo- 
meter, 4. 

Sargasso sea, winds over, 389. 

Saussure's hygrometer, 6, 243. 

Schdnbein on ozone, 461 ; test for, 462. 

Bcoresby's, Capt., observations on solar 
radiation, 260 ; classification of snow- 
crystals, 315. 

Sea, density of, 176; causes of difference 
in, 180; as affected by rains, 182; 
maximum density, 149 ; freezing-point 
of sea-water, 149. 

Sea temperature, 163; at the surface, 
164; daily range of, 148; round Scot- 
land, 165 ; in different parts of the 
globe, 166; at great depths, 164; cur- 
rents, their influence on climate, 175. 

Sea and land, their daily range of tem- 
perature in Scotland compared, 148. 

Secchi, 460. 

Serein, 293. 

Shooting stars, 473. 

Shum^ 385. 

Simoom, 384 ; cause of high tempera- 
ture, 130. 

Siphon barometer, 35. 

Sirocco, 385; cause of high temperature, 
130. 

Sixe's maximum and minimum thermo- 
meter, 97. 

Sleet, 320. 

Snow, 315; influence on mean temper- 
ature of the soil, 184; limit of its fall, 
316; cause of its colour, 317; red and 
green, 317; how measured, 319; use 
of, as a protection to the soil in win- 
ter, 124, 318. 

Snow-crystals, 315. 

Snow-line, 321. 

Soils — sandy, light, and heavy — how 
affected by drainage, 237; by frost, 
122. 

Solano, 385. 

South-east wind, as a prognostic, 479. 



Specific heat of water in relation to cli- 
mate, 185. 

Spirit thermometers, 94; how to put 
them right when out of order, 95. 

Stevenson's, T., box for thermometers, 
99; barometric gradient, 411. 

Stewart, Balfour, on lightning, 443; on 
auroras and terrestrial magnetism,459. 

Storms, Chap. XIII., page 152 ; of Eu- 
rope, 890; form and extent, 391; di- 
rection of progressive motion, 392; 
rate they travel, 396; general path, 
898; relation to temperature and 
moisture, 399; relation to rain and 
cloud, 400; relation to wind, 4U1; 
veering of the wind, 412; their spiral 
rotation in relation to theory, 433; 
prediction of, 20 (see Storm-warnings); 
of America., 413 ; of the Tropics, 416 ; 
of Southern Asia, typhoons, 424; 
of the Indian Ocean, 425; of West 
Indies, 4-23. See Hurricanes. 

Storm -warnings, 481; as practised at 
Mauritius, 482; Admiral Fi$zroj, 21 ; 
large percentage of success, 483; re- 
quisites for carrying them out, 484. 

Storm-wave, 417. 

Streamers, 454. 

Symons's, G. J., British rainfall investi- 
gations, 17; observations on under- 
ground temperature, 189; rain-gauge, 
294; definition of a "rainy day," 299. 

Sympiesometer, 39. 

Synchronous or synoptic charts indis- 
pensable in studying storms and wea- 
ther, 380. 

Temperature, Chaps. IV., V., VI.; 
mean daily, 103; its relation to at- 
mospheric pressure, Chap. VII., page 
78; vague meaning of, 112; from 
maximum and minimum thermo- 
meter, 111 ; relation to agriculture, 119; 
of earth's crust, secular cooling of, 
190; underground, 185; of the soil, 
184; as affected by drainage, 237; of 
the atmosphere, 191 ; daily range of, 
116 et seq. ; how affected by physical 
configuration of earth's surface, 165 ; 
low, their distribution in mountainous 
countries in winter and during night, 
157 et seq. ; increases with height in 
cold weather, 154; decrease with 
height, 2U8, 209; observations by 
Glaisher on, 209; of the globe varies 
during the year, 207 ; of evaporation, 
250; Gulf Stream, 168; of the8ea,M0 
Sea; of stellar spaces, 474. 

Tension of vapour. See Elastic Force. 

Thermometers, 81 etseq.; invention of, 4; 
Fahrenheit, Ueaumur, and Centigrade 
compared, 87; and Table V., page 
209; box, directions for placing, 100, 
101; directions for olwerving the 
thermometer, 102; best hours for 
observing, 110; spirit, method of set- 
ting them right when out of order, 96; 
heights measured by, 88. 
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Thorn, 426. 

Thomas, Capt., on mean daily range of 
temperature of sea, 148 ; observation 
on density of sea, 181. 

Thomson, Sir William, on secular cool- 
ing of tibe earth, 190. 

Thunder, 444. 

Thunderstorms, 442 et seq. 

TorricelU's experiments, 3, 24. 

Torricellian vacuum, 24. 

Trade-winds, 8, 337. ' 

Trail, Mr W., a remarkable case of St 
Elmo's fire, 448. 

Travelling barometer, 32. 

Trombes. See Wliirlwinds. 

Tuz Gul, saltest known lake, 180. 

Tyndall on the vapour of the atmosphere, 
12 ; observations on hail, 826. 

Typhoons, 424. 

Undebobound temperature, 185 et seq. 
Upper cubremts of the atmosphere, 
866, 869. 

Vapodb of the atmosphere as affecting 
the pressure, 80, 364 ; the tempera- 
ture, 252 «t seq.^ 259; relation to 
storms, 115, 895, 399. 

Vegetation, influence on temperature, 
131. 

Vent du Mont Blane, cause of, 159. 

Ventnor as a winter and spring resort, 
112. 

Vernier, mode of setting, in reading 
barometers, 31 ; how to use it, 40. 

Volta's electrometer, 437. 

Wall, 436. 

Ward's, Colonel, observations with rain- 
gauges, 296. 

Warm or mild weather of February 
1867, 212; November 1867 and Sep- 
tember 186«. 214. 



Water, freezing and boiling points in 
constructing thermometers, 82; in- 
fluence of its great specific heat on 
climate, 135 ; fresh and salt, maximum 
densities and effects on climate, 149. 

Waterspouts, 453. 

Wave accompanying storm, 417. 

Weather, Chap. XV. 

Weather-glass, 36. 

Weight of atmosphere. See Atmospheric 
Pressure. 

Wells's, Dr, 'Theory of Dew,* 10. 

Wheatstone's, Professor, experiment 
showing duration of electric spark, 
443. 

Wheel barometers, why imperfect, 36. 

Whirlwinds, 452. 

Wilson's, Patrick, 'Memoirs of Great 
Frosts,* 10. 

Winds, Chaps. XI. and XII. ; influence 
on climate, 200 ; general causes, 334 ; 
constant, periodical, and prevailing, 
837 et wq. ; prevailing winds of north 
temperate zone, 341 ; in January, 342, 
353 ; in July, 351, 354 ; in North At- 
lantic and adjoining countries, 342, 
344, 349, 353, 359; North America. 
343, 345, 852; Europe, 343; Asia, 345, 
848, 851 ; Australia, 350, 354 ; Antarc- 
tic regions, 355 ; diy and cold winds, 
377 et aeq.; hot winds, 384 et seq. ; 
as illustrating BuysBctUot's law of the 
vfindSt 357; direction and force as de- 
termined by the barometer, 356, 401, 
405 ; flow in towards an area of low 
pressure, and out from an area of high 
pressure, 356, S59, 405; velocity in 
storms, 406; deflected by the land, 
404; table comparing different scales 
of force, 331; and Table VIII., page 
212. 

Winter climates, best situations for re- 
sidences, 162. 



THE END. 
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research with which he has succeeded in Imparting to his Manual so much 
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RICHARD G. GRAHAM, English Master, College for Daughters of 
Ministers of the Church of Scouand and of Professors in the Scottish 
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without a living interest, which adapts it to the intemgence of ordinary pupils. 
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developments in geographical science, accurately exhibiting both the recent 
political and territorial changes in Europe, and t^e many important results of 
modem travel and research. 

Spectator. — The be^t Geography vfQ haye ever met with, 

OUTLINES. 

AthensBum. — The Rev. A Mackay, whose * Manual of Modem Geography,* 
and * Elements of Modern (Geography,' have met with deserved approbation, 
has now completed the course by publishing ' Outlines of Modem Geography : 
a Book for Beginners ' (Blackwood & Sons), which possesses all the requisites 
of an excellent introduction. By means of a skilftil arrangement of the mate- 
rials, and a judicious adaption of the type, a vast amount of essential geogra- 
phical knowledge is conveyed within moderate limits, and in a very convenient 
form. Due prominence is given to the natural features of the different coun- 
tries; advantage has been taken of the latest discoveries and census returns; 
and the accentuation of proper names is marked in needltd cases. 
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EXAMINATIONS ON PHYSICAL GEOGRAPHY. 

A Progressive Series of Questions, adapted to thje Introductory 
and Advanced Text-Bopks of Physical Geography. By the Same. 
9d. 

COMPARATIVE GEOGRAPHY, By Carl Ritter. 
Translated by W. L. Gage. Fcap., price 3s. 6d. 

A HANDY BOOK OF METEOROLOGY. By Alex- 

AlfDEB BnOHAN, M.A., Secretary of the Scottish Meteorological 
Society. A New Edition, price 8s. 6d. cloth^ with Engravings and 
Charts. 

INTRODUCTORY TEXT -BOOK OF METEORO- 
LOGY, for the use of Schools and Private Students. By the 
Same. [In the Press. 

MANUAL OF ZOOLOGY. For the use of Students. 

By Henry Alleynb Nicholson, M.D., D.Sc., F.R.S.E., &c.. 
Lecturer on Natural History in the Medical School of Edinburgh. 

Vol. T. Invertebrate Animals. Price 7s. 6d. 

Vol. II. Vertebrate Animals. Price 6s. 6d. 

ADVANCED TEXT-BOOK OF ZOOLOGY. For the 

use of Schools. By the Same. Crown 8vo, with numerous 
Engravings. Price 6s. 
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EPITOME OF AIiISOl^'S HISTOBT OF EUBOFE, 

for the use of Schools and Young Persons. Post 8vo, pp. 604, 
price 7s. 6d. bound in leather. Sixteenth Edition. 

In compiling this Epitome, it has h«en specially held in view to omit or sup- 
press no fact of the slightest importance, and to limit the abridgment to t^e 
condensation of the minor and accessory details; and it is trusted tiiat an ad- 
herence to this rule, while it has produced a work in which the interest of ihe 
narrative never flags, has also secured a history of the time in all essential par- 
ticulars as complete as the more voluminous records of it. 

A Chronological Table has been added of all the principal events, so arranged 
as to give a clear idea of the order in which they succeed each other ; and a full 
Table of Contents, containing a synopsis of the subjects treated of in the body 
of the work. 

ATIjAS to Epitome of the History of Europe. Eleven 

Coloured Maps. By A. Keith Johnston, LL.D. F.R.S.E. In 
4to, price 7s. 

HISTOBT OF FHANCE, from the Earliest Times to 

1848. By the Rev. James White, Author of 'The Eighteen 
Christian Centuries.' Post 8vo, with Index, price 6s. 

"This book makes an attempt to famish a readable account of the country 
with which we are in closest neighbourhood, and yet of whose history the gene- 
rality of us know less than of that of almost any other kingdom. It aims at 
something higher than a mere epitome, for it founds itself on a great deal of 
various reading, and gives results more than abstracts. At the same time it 
devotes sufficient space to any occurrences which seem to have a general bear- 
ing on the progress or character of the nation. But it does not profess to be 
▼ery minute in its record of trifling or uninfluential occurrences, nor philoso- 
phic in searching out the causes of obscure events." — AtUhor's Preface. 

THE EIGHTEEN CBiBISTIAN CENTURIES. By 

the Rev. James White, Author of 'The History of Prance.* 
School Edition, post 8vo, with Index, price 6s. 

** He has seized the salient points — indeed, the governing incidents — ^in each 
century, and shown their received bearing as well on their own age as on the 
progress of the world. Vigorously and briefly, often by a single touch, has he 
marked the traits of leading men ; when needful, he touches slightly their 
biographical career. The state of the country and of society, of arts and learn- 
ing, and, more than all, of the modes of living, are graphically sketched, and 
upon the whole with more fulness than any other diyision.**— Spectator. 



ENGIiISH FKOSE COMPOSITION: A Practical 

Manual for use in Schools. By James Currie, M.A., Prin- 
cipal of the Church of Scotland Training College, Edinburgh. 
Fifth Edition, Is. 6d. 

** We do not remember having seen a work so completely to our mind as this, 
which combines sound theory with judicious practice. Proceeding st«p by step, 
it advances from the formation of the shortest sentences to the composition of 
complete essays, the pupil being everywhere furnished with all needful assist- 
ance in the way of models and hints. Nobody can work through such a book 
as this without thoroughly understanding the structure of sentences, and 
acquiring facility in arranging and expressing his thoughts appropriately. It 
ought to be extensively \iaed."—Athen(Bum. 

FBOaBESSIVE AND CIiASSIFIED SFEIiIiINGK 

Book. By Hannah R. Lockwood, Authoress of ' Little Mary's 
Mythology.* Feap. 8vo, 2s. 



ELEMENTARY WORKS. 



FACTS AND DATSS: or. The Iieading Events in 

Saored and Profane History, and the Principal Facts in the rari- 
ous Physical Sciences : the Memory being aided throughout by a 
Simple and Natiural Method. For Schools and Priyate Reference. 
By the Rev. Albx. Mackat, LL.D., F.KG.S. Second Edition, 
crown 8vo, pp. 336, price 4s. 

EIiEMXSNTABir ABITHIOSTIC. By Edward Sang, 

F.R.S.E. This Treatise is intended to supply the great desider- 
atum of an intellectual instead of a routine course of instruction in 
Arithmetic. In post 8vo, price 5s. 

THE HIGHEB ARITHMETIC. By the same Author. 

Being a Sequel to 'Elementary Arithmetic' In crown 8vo, price 

5s. 

"We know, indeed, of no more complete philosophy of pure arithmetic than 
they contain ; they are well worthy of Sir John Leslie's favourite pupiL It is 
almost needless to add, that we consider the reasoning of these volumes both 
thorough and close, and the expression of that reasoning uniformly simple and 
clesiT."—JEdin:burgh Weekly Eeview. 

FIVE FIjACE XjOGABITHMS. Arranged by E^ Sang, 
F. R. S. E. Price Sixpence, for the Waistcoat-Pocket. 

TBEATISE ON ABITHMETIC, with numerous Exer- 
cises for Teaching in Classes. By Jam£S Watson, one of the 
Masters of Heriot's Hospital.' Foolscap, Is. 

A QIiOSSARY OF NAVIGATION. Containing the 

Definitions and Propositions of the Science, Explanation of Terms, 
and Description of Insttuments. By the Rev. J. B. Harbord, 
M. A., St John's College, Cambridge ; Chaplain and Naval Instruc- 
tor, R.N. In crown 8vo, illustrated with Diagrams, price 6s. 

DEFINITIONS AND DIAGRAMS IN ASTBONOMY 

AND NAVIGATION. By the Same. Price Is. 6d. 

FORTIFICATION: FOR OFFICERS OF THE 

ARMY AND STUDENTS OF MILITARY HISTORY. By 
Lieut. Henry Yule, Bengal Engineers. "With Illustrations. 8vo 
10s. 6d. 

EIiEMENTARY TEXT -BOOK OF SCRIPTURE 

HISTORY. By Thomas Struthers. Part I. From the Crea- 
tion to the Death of Moses. Price 6d. 

CHOIX DES MEHiIiEURES SCENES DE MO- 

LIERE, avec des Notes de Divers Commentateurs, et autres 
Notes Explicatives. Par Dr E. DuBUC. Fcap. 8vo, price 48. 6d. 

PROFESSOR JOHNSTON'S CATECHISM OF 

AGRICULTURAL CHEMISTRY. A New Edition, edited by 
Professor Voeloker. With Engravings. Is. 

CATECHISM OF PRACTICAL AQRICULTURE. 

By Henry Stephens, F.R.S.E., Author of the 'Book o^the Farm.' 
With Engravings. Is. 



8 ELEMENTARY WORKS. 

MCIElSfT CIASSICS POfi EMUSH BMDERS 

Edited by the Eev. W. LUCAS COLLINS, M.A. 

Price 2b. 6d., bound in oloth. 

Thi aim of the present teries will he to explain, tuffieiefUly fir ffeneral 
readers, vno these great tniters were, and wKcU they wrote ; to mve, wherever 
possible, some connected outline of ike itory which they tell, or the f axis which 
tJiey record, checked by the results of modem investigations ; to present some 
of their most striking passages in approved English translations, amdio 
tllustraie them generally Jrom moaem writers; to serve, in short, as a 
popvlar retrospect of the chief literalure of Greece and Rome, 



The volumes published contain — 

L EOHEB: THE HJAD. By the Editor. 
n. HOMER: THE ODTSSET. By the Same. 
HL HEBODOTUS. By George C. Swayne, VLA, 
lY. CuSSSAB. By Anthony TroUope. 
y. VIBOIL. By the Editor. 
YL HO BACE . By Theodore Martin. 
Vn. iBSCHYLTTS. By Reginald 8. Copleston, BJL 

A Volume will be published Quarterly. 



*' It is impossible to praise too highly the conception and execution of this 
series of the Classics. They are a kind of ' Bibliotheca Ciassicorom ' for un- 
learned readers, but executed by men of the most accomplished scholarship, 
and therefore conveying the very colour and tone of the authors. They will 
be as pleasiuit to scholsurs as they are valuable to those who know only their 
mother tongue." — British Quarterly Review. 

*'The result is so successful that it cannot but enhancie the popularity of a 
series for which we had a word or two of welcome at its outset, but of which, 
in our judgment, no volume hitherto has come up to the singular excellence 
of that now under consideration. The secret of this is, that its author so com- 
pletely puts himself in Horace's place, scans the phases of his life with such an 
insight into the poet's character and motives, and leaves on the reader's mind 
so little of an impression that he is following the attempts of a mere modem to 
realise the feelings and expressions of an ancient. Real genius is a freemasonry, 
by which the touch of one hand transmits its secret to another; and a capital 
proof of this is to be found in the skill, tact, and fellow-feeling with which Mr 
Martin has executed a task the merit and value of which is quite out of propor- 
tion to the size and pretensions of his volume."— ^aturda;/ Keview. 

**More attractive to most readers, however, will be the '^schylus* which 
Mr Reginald S. Copleston has contributed to Mr GoUins's excellent series of 
* Ancient Classics for English Readers.' Here a lively chapter about the Greek 
stage is followed by a concise memoir and criticism of .Sschylus, and that by 
very interesting accounts of his Seven extant plays. The great merit of thus 
series is that its volumes, instead of furnishing translations of classical works, 
give their story in modem prose, made as accurate and lifelike as their scholarly 
authors can ms^e them. In this case Mr Copleston has succeeded very well 
indeed : and having translations as vigorous as those by Miss Swanwick, Pro- 
fessor Plumptre, and Dean Milman to make his extracts from, the result is a 
really delightful little volume. 

** Mr CoUins's Virgil is by far the best of the Ancient Classics which have 
yet appeared ; and if the authors promised us are as carefully treated, the series 
as a whole will have a substantial value, and will be highly app. eciated by all 
who wish to know something of the great works which have bleu bequeathed 
to us by the writers of antiquity."— J^mtmintfr. 
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BLACKWOOD'S CLASS - BOOKS. 

Strongly Bound in Cloth, unless othenvise stated. 

GEOGRAPHY. 

Manual of Geography. By Rev. Alex, Mackay, 
LL.D., &c. New edition, revised and en- 
larged, in Two Parts. Part I. published, . 

Elements of Geography. By the same, 

Outlines of Geography. By the same, 

First Steps in Geography. By the same. Sewed, 

Or in cloth, ...... 

Geography of the British Empire. By the 
same. Sewed, ...... 

Atlas of General Geography. Bv A. Keith 

Johnston, LL.D., &c. Half-bound, . . 12s. 6d. 

Elementary Atlas of C7FX)GRAPHY. By A. Keith ' 

Johnston, LL.D.,&c. Half-bound, . . 5s. od. 

PHYSICAL GEOGRAPHY. 

Introductory Text -Book of Physical Geo- 
graphy. By David Page, LL.D., &c.. 

Advanced Text-Book of Physical Geography. 
By the same, ...... 

Examinations in Physical Geography. By the 
same. Sewed, , . . . . 

Ritter's Comparative Geography. Translated 
by W. L. Gage, 

Atlas of Physical Geography. By A. Keith 
Johnston, LL.D,, &c. Half-bound, . 

GEOLOGY. 

Introductory Text -Book of Geology. Bv 

David Page, LL.D., &c., . . . . 2s. od. 

Advanced Text-Book of Geology. By the same, 7s. 6d. 

The Geological Examinator. By the same. Sewed, gd. 

Handbook of Terms in Geology and Physical 

Geography. By the same, . . . 7s. 6d. 
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ZOOLOGY. 

Text-Book of Zoology. By H. Alleyne Nichol- 
son, M.I)., &c., 6s. od. 

Introductory Text-Book of Zoology, l^y the 

same, 3s. 6d. 

Manual OF Zoology. By the same, . . 12s. 6d. 

HISTORY. 

The Eighteen Christian Centuries. By Rev. 

J. White, 

History of France. By Rev. J. White, 
P^imtome of Alison's History of Europe, . 

CLASSICS. 

Ancient Classics for English Readers : — 
The Iliad of Homer. By W. L. Collins, 
The Odyssey of Homer. %do., 
Herodotus. By G. C. Swayne, 
C/ESAR. By Anthony Trollope, . 
ViRdiL. By W. L. Collins, 
Horace. By Theodore Martin, 
JisciivLUS. By R. S. Copleston, 
Zenophon. By Sir Alexander Grant, Bart., 

Others in preparation. 

T/ie above series is well adapted for Ladies' Schools. 

Atlas of Classical Geography. By A. Keith 

Johnston, LL.D., &c. Half-bound, . . 12s. 6d. 

AGRICULTURE. 

Elements of Agricultural Chemistry. By J. 

F. W. Johnston, ..... 6s. 6d. 
Catechism of Agricultural Chemistry. By 

J. F. W. Johnston, . . . . . ts. od. 
Catechism OF Agriculture. By Henry Stephens, is. od. 

ASTRONOMY. 

Atlas of Astronomy. By A. K. Johnston, LL.D., 

&r. Half-bound, . . . . .12s. 6d. 

ENGLISH LITERATURE. 

Progressive and Classified Spelling - Book. 

By Miss I^ockwood, . . . . is. 6d. 

Etymological Dictionary of the English 

T^anguage. /;/ the Press. 

English Prose Composition. By the Rev. J. 

Currie, M.A., . . . . is. 6d. 
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